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I. INTRODUCTION 
A. Review of the literature concerning Eimeria 
It is possible that Leeuwenhoek in 1674 was the first to 
observe any species of Eimeria, when he found a parasite in 
the gall bladder of a rabbit (Morgan and Hawkins 1948). In 
1839 Hake saw coccidia in the rabbit liver, without recogniz-
ing their true nature (Hadley 1911). 
Rivolta and Silvestrini in 1873 first described coccidia 
in birds. They found the organisms in fowls and gave them 
the name, Psorospermium avium. 
Schneider (1875) was the first to use the generic name 
Eimeria, placing this genus in the Gregarinidae. Eimeria 
was put on the official list of generic names by the Inter-
national Commission on Zoological Nomenclature in 1928 
(Stiles). 
Among the early papers on coccidia, one of the most im-
portant was by Rivolta in 1878. In this work he described i n 
detail the rabbit parasite that had been seen by Leeuwenhoek 
and Hake earlier and named it Psorospermium cuniculi. Later 
the name was changed to Coccidium cuniculi and finally to 
Eimeria stiedae. It is an organism that produces severe in-
fections in rabbits. 
It was not until 1900 that the complete life cycle of a 
coccidium was demonstrated by Schaudinn, using Eimeria 
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schubergi from the centipede, Lithobius forficatus. Until 
his work it had been assumed by most investigato r s that the 
two phases of an Eimeria life cycle were actually two sepa-
rate parasites, although R. Pfeiffer in 1892 had suggested 
an alternation of generations. 
In 1910 Fantham's classic works on a coccidium of grouse 
appeared. He described very carefully and in great detail 
the species which he named Eimeria avium. Subsequently , many 
coccidia that are recognized as separate species today were 
also considered to be E. avium. 
Tyzzer did more to reject this lumping of Eimerian spe-
cies than any other worker. In 1927 he proposed the name E. 
tenella for a parasite that causes acute coccidiosis with 
hemorrhage in chickens. In 1928 Tyzzer listed a number of 
criteria that he considered necessary to use in separating 
species of Eimeria. In another excellent paper in 1932 he 
amplified these criteria somewhat and added a number of sug-
gestions that might well be followed by all who work with 
coccidia of birds. His criteria for separating species were 
as follows: period of time required for development, sporu-
lation time, host specificity, distribution of the organism 
in the host, pathology of the infection, morphology of all 
forms of the parasite, and cross-immunity tests. These cri-
teria are as applicable today as they were when he wrote 
them. Unfortunately they have not been followed closely by 
some of those who have described new species. 
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Numerous modern references are available on a number of 
subjects dealing with coccidia. However, most of them either 
are descriptions of new species or are experimental works 
dealing with poultry parasites, chiefly E. tenella. There 
are relatively few papers that give more than passing mention 
to the pigeon coccidium, ~· labbeana. 
Evidently Pfeiffer in 1891 was the first to note a coc-
cidian parasite in pigeons. 
In 1896 Labb~, on page 548 of his paper, named a para-
site from the intestine of the pigeon Coccidium pfeifferi. 
Pinto (1928) saw that Labb~ had proposed the name Eimeria 
pfeifferi for a coccidium of the centipede, Geophilus 
ferruginosus, on page 539 of the same work. Since the gener-
ic names Coccidium and Eimeria were considered synonymous by 
1928 and because the name of the centipede parasite had page 
priority, Pinto proposed a new name, Eimeria labbeana, for 
the pigeon parasite. Although Bondois (1936), Chakravarty 
and Kar (1946), and others continued to use the old name, 
Eimeria pfeifferi, the newer one, Eimeria labbeana Pinto 
1928, is generally accepted today. 
The most complete papers on E. labbeana were by Nieschulz 
(1922, 1925, 1935), Bondois (1936), and Morini (1950). The 
paucity of references suggested the investigation of this or-
ganism to me. 
Brief mention must be made of a second coccidian species 
that has been reported from the pigeon. In 1935 Nieschulz 
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described a new species and called it Eimeria columbarum. 
He found it in three of ten pigeons in Holland. Apparently 
he separated it from others on the basis of its somewhat 
larger size and the presence of several or many polar gran-
ules in the oocysts, instead of one as in E. labbeana. As 
far as I can tell, only these two differences, both in the 
oocyst, were used as evidence for creating this new species. 
My measurements of oocysts are closer to those given by 
Nieschulz for ~· columbarum than for ~· labbeana, but I never 
saw several polar granules in a sporulated oocyst. Since 
size of oocysts, considered by itself, is valueless in tax-
onomy there is little doubt that the species I worked with 
is E. labbeana rather than E. columbarum, a species that I 
consider somewhat hypothetical. 
Some lists and descriptions of pigeon parasites include 
E. columbarum (Boughton and Volk 1938, Levi 1951, Hardcastle 
1943) while others do not mention it (Benbrook 1946, Dikmans 
1945, Morgan and Hawkins 1948). Hall and Wehr (1953) stated 
vaguely that pigeons are parasitized by "one or more species 
of coccidia.n 
B. Importance of Eimeria as a parasite 
The genus Eimeria is widely distributed in wild and do-
mesticated birds and is also found in mammals. Boughton and 
Volk (1938) listed this genus as occurring in eight orders 
of birds. Iv1organ and Hawkins ( 1948) listed Eimerian species 
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from such commercially important mammals as cattle, sheep, 
goats, swine, dogs, cats, mink, and rabbits. Strangely, the 
horse apparently harbors no coccidia. A great variety of 
Ei merian species have been described from a wide assortment 
of other mammals. The genus is not a human parasite, al-
though another coccidian genus, Isospora, is rarely found in 
man. 
Coccidia of the genus Eimeria and other genera have been 
found in mollusks, annelids, arthropods, fish, amphibians, 
and reptiles. Becker (1934) compiled a host-catalog of coc-
cidia known from these groups. 
The severity of coccidian infection varies f rom one spe-
cies to another. As might be expected, infections among do-
mesticated animals have been studied much more than those in 
wild forms. Outbreaks of bovine coccidiosis have been re-
corded frequently and may result in fatalities (Morgan and 
Hawkins 1948). Pigs have been killed by experimental doses 
of coccidia and may become severely sick from natural infec-
tions. Lambs sometimes lose weight and die from coccidiosis. 
Among birds the best known coccidium is ~· tenella of 
chickens. This species causes a highly fatal cecal infec-
tion. The chicken is also subject to attack from seven other 
species of Eimeria with varying degrees of pathogenicity. 
P. P. ievine (1945) said that in the area around Ithaca, New 
York, coccidiosis was the nmost important and devastating 
parasitic disease of chickens." 
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Turkeys are host to four species of Eimeria of which E. 
meleagrimitis is the most pathogenic (Hawkins 1949). 
Quail and pheasants in captivity suffer severely from 
coccidiosis (Becker 1948). Ducks, geese, and Guinea fowl 
suffer less than chickens, but the disease may be important 
with them also. 
Just how important a parasite Eimeria is in wild mam-
mals and birds is not known. However, it seems safe to 
assume that because of its wide distribution among hosts, 
Eimeria could potentially cause severe sickness or death 
among a great variety of animals. 
There are a number of conflicting reports on the · impor-
tance of E. labbeana infection i n pigeons. According to 
Nieschulz (1922), Morse in 1908 said that coccidiosis may 
actually prevent successful squab raising. He described 
pigeon coccidiosis as a plague around Washington, D. C. 
Basset (1909) described a severe epidemic of coccidiosis 
among pigeons in which the young died in large numbers. 
Adults also died, but not as frequently. Basset thought 
that contagious coryza, a disease of the upper respiratory 
tract of pigeons, was connected in some way with coccidiosis, 
if not identical with it. 
Leblois (1921) called "1 1 eimeriose du pigeon" a very 
serious sickness. He mentioned one epidemic in which eighty 
of three hundred birds died. Another outbreak resulted in 
more than one hundred birds dead out of four hundred. 
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Noller and Ruppert (1925) examined two hundred pigeons 
of all ages and found that 54.5% had oocysts in their feces 
and 10% showed severe cases. Of ninety-eight young pigeons, 
67.35% had coccidiosis, and 16.33% were heavily infected. 
Ruppert (1925) checked seven hundred pigeons in Germany 
for coccidiosis and found 63% positive. 
Levi (1927) ca lled coccidiosis a disease of frequent 
occurrence in pigeons, with symptoms of general emaciation 
and paralysis. 
Moulin (192$) supported Basset's (1909) view on the con-
nection between coccidiosis and coryza. He stated that coc-
cidia were nearly always found in the feces of pigeons with 
coryza and claimed to have reproduced the symptoms of coryza 
by giving birds doses of coccidia. 
Verge (1931) also emphasized the severity of pigeon 
coccidiosis. 
Stafseth (1931) examined two pigeons with severe symp-
toms including leg weakness and found many coccidia. One 
of the two pigeons showed numerous small white spots on the 
liver. 
Nieschulz (1935) minimized the pathogenicity of coc-
cidian infection in pigeons, but said that they were fre-
quently infected. The disease was seldom fatal. 
Bondois's (1936) work tended to substantiate Nieschulz's 
report that coccidiosis may be severe but not fatal. Later 
Lavier and Bondois (1937) found pigeon infections very common 
in northern France. Oocysts were detected in feces of more 
than half the pigeons examined. Those confined in cages were 
94% positive. Severe infections, however , were found in only 
2% to 6% of all the birds. 
Levi (1951) said that a high percentage of squabs have 
coccidiosis and succumb or are worthless for market because 
of their poor condition. 
On the other hand Hall and Wehr (1953) stated that there 
is little evidence that pigeon coccidia cause serious trouble. 
Although it is difficult to draw conclusions from such 
a variety of conflicting reports, it appears that pigeon coc-
cidiosis is probably very common among pigeons and is gener-
ally well tolerated by them. Perhaps highly pathogenic 
strains of Eimeria labbeana appear occasionally and cause 
severe sickness, especially among young birds. 
It must be pointed out that in none of the aforementioned 
references that spoke of severe coccidian outbreaks was there 
any indication that the investigator checked for bacterial or 
viral infection. It is quite possible that coccidia could 
have been present in sick birds, but it does not necessarily 
follow that they always caused the symptoms. It would be 
necessary to reproduce the disease in a healthy host before 
implicating coccidia without doubt. 
A fairly clear picture exists of the s )mlpt oms exhibited 
in severe coccidio s is of the pigeon and described by a num-
ber of authors. Levi (1951) has given one of the most com-
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plete descriptions. In young birds emaciation is evident. 
There is a greenish diarrhea. Paralysis may develop after 
the squab has grown four to six weeks. In adult birds the 
appetite diminishes while thirst increases, and slow emaci-
ation results. Greenish watery feces are usual, sometimes 
streaked with blood. The wings may droop, the birds fly 
poorly, and become lame. 
This differs slightly from Fantham's description (1910a), 
where he said that sick birds eat and drink more than usual. 
He also mentioned leg weakness as a symptom~ 
Verge (1931) said that the feathers of a sick bird be-
come soiled and dull in a · typical severe case. 
It is interesting to note that the leg weakness or paral-
ysis symptom has also been reported in cecal coccidiosis of 
chickens (Beaudette 1925). Levine and Herrick (1954) found 
that the gastrocnemii of infected chickens did less work 
when artificially stimulated than those of control birds, 
and also that early fatigue was characteristic of the muscles 
from infected birds. 
C. Methods and materials 
1. Collecting and culturing oocysts. 
Oocysts in fresh feces from infected pigeons were trans-
ferred immediately to shallow glass dishes if culturing was 
desired. 
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Two per cent aqueous potassium dichromate solution wa s 
added i n sufficient quantity just to cover the feces, which 
were s pread out in t he bottom of t he dish. This cul ture 
medium is one that has been used by the majority of workers 
with coccidia, since it prevents bacterial growth but does 
not harm the oocysts. Concentrations of from 1% (Perard 
1925) to 5% (Hadley 1911) have been utilized. According to 
Goodrich (1944) chromium compounds are suit able because they 
do not penetrate the oocyst wall and can therefore be easily 
v1ashed away. I washed all oocysts thoroughly before feeding 
them to pigeons. 
Hall (1933) successfully used another cul ture medium, 
1% formalin, in working with Isospora lacazei. I tested this 
solution but did not use it as a standard medium, although I 
found t hat it did not hinder sporulation. 
Following the addition of the potassium dichromate the 
dish containing the feces was partially covered to prevent 
rapid evaporation, while still allovving air to enter. 
2. Concentrating oocysts . 
vfuen Farr and Luttermoser (1941) found zinc sulfate to 
be superior to sugar solution in floating oocyst s of chicken 
coccidia, they verified in part what Faust et al. had deter-
mined in 193 9 . They had tested a number of solutions but 
found most of them unsuitable for floati~g media. Brine 
shrank oocysts badl y . Sugar, glycerin, and other substances 
did t h e same. Various metal salts were tried and found un-
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satisfactory. Copper sulfate at specific gravity 1.180 con-
centrated oocysts and shrank them only slightly, but it pre-
cipitated a black gummy substance with iodine. Zinc sulfate 
at specific gravities 1.150 - 1.250 was tested and was found 
best at 1.180. It formed no precipitate with iodine, did 
not shrink the oocysts, and kept them viable for an hour or 
so. 
I used this zinc sulfate method, slightly modifying 
'l'echnic Number 8 of Faust et al. ( 1939). In this way I con-
centrated the oocysts for daily counts during the course of 
an infection. 
One and one-half grams of fresh feces were placed in a 
15 ml. centrifuge tube and tap water added to half-fill the 
tube. The feces were then mixed with the water by means of 
a wooden applicator. Tap \'later v.ras added to within 1 em. of 
the top of the tube. The tube was then centrifuged at ap-
proximately 2500 rpm. for one minute. The supernatant flui d 
was poured off, water added, and the procedure repeated until 
the supernatant fluid became clear. In some cases one time 
was sufficient, in other tests three or four repetitions were 
necessary before the cloudiness disappeared. 
The clear supernatant fluid was poured off and zinc sul-
fate, specific gravity 1.180, was added to fill the tube ap-
proximately one-third. The zinc sulfate and feces vvere mixed 
and more zinc sulfate added until the level was about 0.5 em. 
from the top of the tube. The tube was centrifuged one minute. 
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Since Faust et al. (1939) found loop removal of float-
ing material preferable to touch removal, the former method 
was used. A 5 mm. bact eriological loop was introduced verti-
cally below the zinc sulfate surface, turned horizontally and 
removed slowly, thus lifting out any floating oocysts that 
were present. 
The loop was touched to a glass slide to transfer the 
oocysts. Then a 22 mm. cover glass was added and the oocysts 
observed immediately. 
3. Counting oocysts. 
A standard procedure was adopted for checking the daily 
course of infection by me ans of oocyst counts. 
After the zinc sulfate centrifuging was finished, I re-
moved five loopfuls with the bacteriological loop, taking 
care to lift material from different locations on the surface. 
Aft er adding the 22 mm. cover glass, I viewed the oocysts at 
one hundred magnifications for counting purposes. 
Lugol's solution was tried for staining the oocysts but 
offered no advantages, since careful regulation of light 
could reveal internal detail clearly at high magnifications 
without staining. 
I stained some oocysts with Janus green and eosin accord-
ing to Crouch and Becker's method (1931), but did not achieve 
good enough results to make the staining worthwhile. 
Since individual numbers of oocysts do not give a par-
ticularly clear picture of the degree of infection, I used 
(+) symbols to indicate the relative values of numbers of 
oocysts being produced, rather than recording the actual 
figures: 
(+ , few} 
{+ ) 
( ++ ) 
( +++ ) 
(++++ ) 
( +++++ } 
( ++++++ } 
= 
= 
= 
= 
= 
fewer than one oocyst per field 
1-20 oocysts per field 
21-50 oocysts per field 
51-100 oocysts per field 
101-200 oocysts per field 
201-400 oocysts per fie ld 
401 or more oocysts per field 
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I used the terms light, moderate, and heavy to refer to 
degree of infection, basing the value of these terms on the 
symbols of oocyst numbers counted in the feces of infected 
birds. A light infection was one in which(+, few) or(+ } 
number of oocysts was given off during the infection or, if 
a larger number was counted, it did not appear for more than 
two days. In a moderate infection, ( ++ ) , (+++ ) , or ( ++++ } 
number of oocysts was given off on at least three days or, if 
a larger number was counted, the larger number did not occur 
more than two days. An infection was considered heavy if 
( +++++ ) or (++++++ ) oocysts were counted for three days or 
more. 
4. Artificial infection of pigeons. 
Infecting pigeons experimentally became a routine oper-
ation during the course of the investigation. The oocysts 
to be used were washed once to several times in tap water~ 
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depending on whether they were from fresh feces, potassium 
dichromate, or some test medium. After the final washing 
centrifugation in a 15 ml. centrifuge tube, the tube was 
half-filled with tap water, and the feces and water mixed 
with an applicator. · To strain out the larger particles this 
feces suspension was poured through a double layer of cheese 
cloth into a small glass dish. 
After the suspension was stirred a 0.1 cc. sample was 
pipetted out, dropped onto a slide, and a 22 mm. cover glass 
added. Twenty fields were observed at 430X, the oocysts in 
all fields counted, and the average of the total was figured. 
This average number of oocysts per field was mult iplied by 
3136, the total number of fields under a 22 mm. cover glass 
at 430X with the microscope used, to give the approximate 
number of oocysts in each 0.1 cc. 
The number of oocysts required was pipetted out and in-
troduced directly into the crop of the pigeon to be infected 
by means of an eye dropper. This was accomplished by holding 
the pigeon down, prying open the beak with the thumb and in-
dex finger, and stretching the neck to allow the dropper to 
slip down the esophagus to the crop. Birds were observed for 
several minutes after being given oocysts, since some birds 
regurgitated the inoculum. 
D. The host used 
The pigeons utilized were all of the same species, 
Columba livia, and of the breed called the Racing Homer. 
Six vrild pigeons of no known breed were also obtained and 
checked for oocysts. 
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The pigeon is a satisfactory laboratory bird since it 
is prolific and requires no special care. 
The female lays a clutch of two eggs, without fail, and 
the incubation period is seventeen or eighteen days. Both 
parents sit on the eggs, alternating this duty several times 
a day. Upon hatching the young pigeons, or squabs, \~ich are 
altricial, remain in the nest under their parents for three 
to four weeks. Their first food is the so-called npigeon 
milk", an unusual nutriment derived from the parents' crops. 
Later, regurgitated food is added to the squabs' diet until 
they begin to feed themselves at about two and one-half weeks 
after hatching. I found it possible to remove the squabs 
from the breeding cages when they were about three weeks old. 
However, when separated from their parents at that age, some 
squabs seemed unable to feed themselves at first and had to 
be fed by hand, a most laborious process. 
Sometimes a female laid a second clutch while the young 
of her previous one were still in the breeding cage with her, 
but more frequently eggs were laid the week after the young 
were removed. Such frequent laying meant that a relatively 
small number of adults could supply a relatively large number 
of offspring to be used in this investigation. 
Upon being removed from the breeding cages, the young 
pigeons were placed in individual metal rabbit cages, twenty-
16 
four inches long, twelve inches high, and eighteen inches 
wide, with one-half inch wire mesh bottoms. Feces dropped 
through the wire onto a removable tray where they were col-
lected on paper. The cages had solid metal sides and backs 
so that food and feces could not be kicked into other cages. 
Food for the pigeons was purchased from a grain supply 
company. Several investigators have found that diet of the 
host influences the course of some coccidian infections. 
Allen (1932) and Jones (1934) reported that high protein 
diets resulted in less severe infections of ~· tenella in 
chickens. There was however a tendency for the less severe 
infections to last longer. 
Holmes, Herrick, and Ott (1937) found that high levels 
of calcium carbonate in chickens' diet meant more deaths 
than usual from cecal coccidiosis. 
When Becker and Waters (1938) added milk to chicken r a-
tions, the birds became more susceptible to cecal coccidiosi s. 
Edgar and Herrick (1944} discovered that chicks having 
access to food at all times were more resistant to E. tenella 
than those not fed overnight and until after being given 
oocysts. 
In view of these and other reports of influence of host 
ration on coccidia, I felt that the pigeons should be fed an 
unchanging diet and should have access to food at all times. 
The commercial pigeon feed preparation that was used con-
tained Canada peas, wheat, kafir, milo, vetch, rice, millet , 
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and corn. It was 12.3% protein. To this mixture I added a 
little cracked corn which was much cheaper than the pigeon 
feed. Sea shell grit was given in small amounts twice a 
week. The only diet variation, then, was the "pigeon milk n 
given the young by their parents. 
II. THE mRPHOLOGY OF EIMERIA 
LABBEANA WI TH A REVIEW OF THE LIFE HISTORY 
A. Development within the host 
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In a preliminary work (1922) and a more detailed study 
later on (1925), Nieschulz described the morphology and life 
cycle of Eimeria labbeana. The present brief account is 
based on the 1925 Nieschulz paper and on my own observation 
of the parasite. 
The sporozoite, which has an elongate form eight to nine 
microns in length, leaves the oocyst in a pigeon ' s alimentary 
tract and penetrates an epithelial cell of the intestine. 
There it grows and becomes oval in form - the schizont. Nu-
clear divisions occur as the schizont increases in size. 
\fuen it has reached full size, the schizont breaks down 
and releases about fifteen to twenty merozoites into the in-
testinal lumen (Figure 1). These sickle-shaped forms, five 
and one-half to nine microns in length, enter new epithelial 
cells, grow into schizonts, and thus continue the asexual 
phase of t he life cycle. 
The sexual part of the cycle begins when a merozoite, 
instead of becoming a schizont, develops into a form called 
a gametocyte. The gametocyte i s either a macrogametocyte 
or microgametocyte, although when young the two cannot be 
distinguished from each other. Soon, however, t he microga-
metocyte, which becomes large and oval, forms within itself 
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by nuclear division a large number of comma-shaped microga-
metes, each with two flagella (Figure 2). The macrogameto-
cyte, on the other hand, grows large and egg-shaped, becoming 
a macrogamete without undergoing any nuclear divisions (Fig-
ure 3). The tiny microgametes, each about three microns 
long, escape from the host cell, and one penetrates a macro-
gamete. 
The zygote is actually a young oocyst. Its wall becomes 
relatively thick and it starts down the intestine on its way 
out of the pigeon (Figure 4). 
B. Development outside the host 
The fresh oocyst that leaves the pigeon is elliptical, 
or round, and either colorless or faintly yellowish-brown 
with a thick wall (Figure 5). 
Goodrich (1944) described the Eimeria oocyst wall as a 
double membrane; the outer membrane she called the ectocyst, 
the inner an endocyst. 
Morini (1950) also described the oocyst wall of Eimeria 
labbeana as double. 
Monne and Hennig (1955) tested the shells of several 
species of Eimeria and Isospora from the standpoint of opti-
cal and chemical properties. They concluded that the shell 
is two-layered, the outer layer being protein, the inner a 
lipid coat firmly associated with a protein lamella. They 
found the shell impermeable to water-soluble substances and 
fairly permeable to lipid-soluble ones. 
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Figure 1 . 
Merozoites in epithelium of small intestine. 970X . 
Figure 2. 
Microgametes in epithelium of small intestine. 970X. 
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Figure 3. 
Two macrogametes in epithelium of small intestine. 970X. 
Figure 4. · 
Two oocysts free in lumen of small intestine, 970X. 
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Protoplasm in the fresh oocyst of E. labbeana at first 
practically fills the whole inside of the cyst. I found no 
obvious nucleus in this protoplasmic mass, although Nieschulz 
claimed that it could be seen. There is no micropyle as is 
found in some other species. 
If conditions are favorable for sporulation, the granu-
lar protoplasmic mass rounds up in the center of the oocyst. 
Division into four sporoblasts begins with four symmetrical 
swellings of the protoplasm, which constricts between the 
swellings to form four separate spheres. Meanwhile one or 
sometimes two refractile granules appear frequently in the 
oocyst outside the sporoblast s and near the oocyst wall. 
The sporoblasts elongate and become pointed at one end 
while remaining rounded at the other. They are then called 
sporocysts, within each of which two sporozoites form (Fig-
ure 6). The sporozoites are also pointed at one end and 
rounded at the other. As the sporozoites develop, a residual 
body can be seen lying inside each sporocyst. There is no 
residual body outside the s porocyst, as is frequently the 
case in other Eimerian species. 
The ripe oocyst containing eight sporozoites is the in-
fective form of Eimeria. If it is ingested by the proper 
host--a pigeon, if the species is E. labbeana--the sporozoites 
are released in the alimentary tract of the bird. 
It must be noted that some early workers reported that 
sporulated oocysts were passed in feces. Haughwout (1918) 
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Figure 5. 
Unsporulated oocyst. 970X. 
Figure 6. 
Sporulated oocyst. 970X. 
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said that coccidian oocysts were frequently passed in a stage 
of advanced development and that they vvere infective very 
.soon after leaving the host. 
Davies and Reich (+924) said that in their experience 
"oocysts containing developed sporozoites, or even spore-
cysts, are rare in fresh samples of feces." By using the 
word "rare", the authors implied that some sporulated oocyst s 
must have been seen. 
Young's (1929) statement that oocysts may infect a few 
hours after being voided certainly would lead to the assump-
tion that at least some oocyst development took place insi de 
the host. Later, however, in the same paper Young said t hat 
sporulation apparently did not begin until exposure to air. 
Hadley (1911), Johnson (l923a), and others had already 
reported finding no sporozoites in fresh feces, although 
Johnson mentioned the massing of central granular material 
into four areas. 
It is now generally agreed that sporulation does not be-
gin until the oocysts have left the host. Furthermore, each 
coccidian species apparently has a definiteminimum sporula-
tion time, which is not shortened even under the most favor-
able of conditions. 
I found no evidence of any sporulation in the thousands 
of freshly passed oocysts that I examined. 
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C. Oocyst dimensions 
Since the oocyst is the stage of the coccidian life 
cycle most readily procured in large numbers, its morphology 
has been utilized extensively in taxonomy. The oocyst wall 
has been suggested by Henry (1932) as a structure that may 
have taxonomic value. According to her the wall varies 
greatly in thickness, texture, and color from one species to 
another. She found it composed of two membranes in some s pe-
cies and three in others. 
Size and shape are the features generally empha sized i n 
dealing with oocysts. Unfortunately, many of the early 
oocyst measurements must be disregarded completely since it 
is often impossible to know what species of coccidia was be-
ing measured. For example, the dimensions of "Eimeria aviumn 
in an early paper might have been obtained from seve ral dif-
ferent coccidia, since "Eimeria avium" was a specific name 
that was used for a large number of modern species. 
Variation in oocyst size during the course of an infec-
tion has been described by several authors. Fish (193la) 
found that oocysts usually became longer and broader as an 
E. tenella infection progressed. Oocysts on the final day 
of infection were almost invariably significantly larger than 
those measured on the initial day. He also noted changes in 
the mean dimensions of oocysts of t he same species in dif-
ferent individual hosts. His conclusion was that biometri c 
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data of oocysts obtained at only one time during an infection 
are not valid for use as criteria of species. 
Tyzzer (1932) called it a common fallacy to different i -
ate species on the basis of oocyst measurements, since t here 
is considerable evidence of size s t rains. 
Working with E. acervulina, Jones (1932) found signifi-
cant variations in oocyst size from day to day in t he same 
bird and in different birds on the same day. Oocysts were 
markedly larger when an infection had been produced by a 
sing le oocyst than when a massive dose had been given. Jone s 
hypoth esized a crowding effect in the latter case. She be-
lieved that size races or strains were indicated within s pe -
cies as a resul t of her \..rork. 
On t he other hand, Doran and Jahn (1952) found no sig-
nificant differences in oocyst length from da y to day during 
infection with~· rnohavensis, a parasite of the kangaroo r a t . 
A juvenile host produced longer oocysts than an adult. 
Steward (1947) noted that E. meleagridis of the turkey 
showed oocysts of a size slightly different from normal when 
given experimentally to chicks. He thought that this was 
true because of the abnormal host. Since his cross infect i on 
has not been verified by other workers, it is possible that 
he was actually measuring one of the chicken's own coccidia 
rather than one transplanted from a turkey. 
The results of Becker, Zimmermann, and Pattillo (1955) 
agreed with those of Fish (193la) in t ha t t h e oocyst size 
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tended to increase during the patent period. 
~· labbeana oocysts have been measured by several in-
vestigators. Leblois (1921) said they were 16-18 p in lengt h . 
Nieschulz's measurements varied in different papers. 
In measurements of only 150 oocyst s in 1922 his average di-
mensions were 18.6 X 16.7 p. In 1925 he gave the averag e 
length as 20.44 p, with a range of 15-26 p. The average 
width was 18.66 p, with a 14-24 p range. He also gave a 
" formindex" which vms obtained by dividing the oocyst width 
by the length. If he had divided length by width he would 
have obtained a shape index, as I use it in this paper, of 
1.095. His averages were figured from measurements of 500 
ooc ysts. 
His 1935 results were based on measurements of 1000 
oocyst s . Average length was 16.7 p with the range 13-24 p. 
Averag e width was 15.3 p with a 12.5-21.5 p range. The mean 
shape index would have been 1.091. 
Unfortunately, when he made all these measurements, 
Nieschulz evidently did not record the time of infection at 
which t he oocysts were collected. 
Bondois (1936) recorded length range of ~· labbeana as 
18-25 p and width as 16-22 p without giving t he source of 
these figures. Later in the same paper he gave results of 
measurements of 200 oocysts in which the range for length 
was 10-25 p, while width was 10-19 p. 
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Hardcastle (1943) gave the same range for length, 16-18 ~' 
as Leblois (192l)had found. 
Morini (1950) stated that length ranged from 19 p to 22 ~· 
Width was 15.5 - 18 p. 
I made two sets of oocyst measurements for each of four 
birds with ~· labbeana infections. One hundred fresh oocysts 
were measured on the first or second day of the patent per-
iod. One hundred more were measured late in the patent per-
i od. Range of measurement, mean measurement, standard devi-
ation, and standard error were calculated for both l~ngth and 
width. The shape index was calculated from the mean measure-
ments (Table I). 
The oocyst measurements for the f i rst three birds made 
early i n the patent period were treated as one unit and com-
pared with those from late in the patent period. The aver-
ages of the three means, standard deviations, and standard 
errors were calculated for each set of three (Table II). 
Oocyst measurements from · Bird~ were not used in Table II 
since they were atypically small. 
Tables I and II indicate that when the oocyst size is 
typical (approximately 17 x 19 ~) at the beginning of the 
patent period, no appreciable increase in size occurs during 
the course of the infection. 
It will be seen that the figures of range, of length, 
and width are similar to those given by Nieschulz in 1935, 
although the means differ markedly. 
0\ 
N 
TABLE I. 
Range, mean, standard deviation (S.D.) and standard error 
(S.E.) of length and width of fresh oocysts from four 
birds, collected early and late in the patent period. 
Day = time of patent period when oocysts collected. 
Mean shape index = mean length divided by mean width. 
Length (,u) Width (,u) 
Bird Mean 
No. Day Range Mean S.D. S.E. Range Mean S.D . S.E. Shape Index 
1 2 16.1-22.5 18.8 2.35 .235 14.5-20.9 17.5 1.32 .132 1.07 
1 16 14.5-24.1 19.1 1.51 .151 12.9-20.9 17.2 1.35 .135 1.11 
2 1 16.1-24.1 19.1 1.53 .153 14.5-20.9 17.5 1.15 .115 1.09 
2 18 14.5-24.1 19.2 1.67 .167 12.9-22.5 17.7 1.17 .117 1.08 
1 1 16.1-22.5 19.1 1.57 .157 14.5-19.3 17.6 1.13 .113 1.09 
2 18 14.5-22.5 19.1 l. 73 .173 14.5-20.9 17.4 1.47 .147 1.10 
4 1 14.5-16.1 15.3 2. 53 .253 12.9-16.1 14.0 2.97 .297 1.09 
!± 15 16.1-20.9 18.1 1.52 .152 14.5-19.3 15.9 1.21 .121 1.13 
Time 
Early 
Late 
TABLE II. 
Ranges and averages of the means, standard deviations (S.D.), 
standard errors (S.E.), and mean shape indices of fresh oocysts 
from Birds 1, ~' and 2 -early and late in the patent period. 
Length ( }.1) Width ( }.1) 
Mean 
Range Mean S.D. S.E. Range Mean S.D. S.E. Shape Index 
16.1-24.1 19.0 1.82 .182 14.5-20.9 17.5 1.20 .120 1.08 
14.5-24.1 19.1 1.64 .164 12.9-22.5 17.4 1.33 .133 1.10 
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The oocysts from Bird ~ showed a mean length and width 
much smaller than the others on the first day of the patent 
period, whereas by the fifteenth day the mean had risen 
sharply. This increase in size might tend to substantiate 
the observations of Fish (1931) and Becker, Zimmermann, and 
Pattillo (1955), if it occurred more frequently. 
Of the more than three hundred experimentally produced 
infections that I observed, only thirteen showed oocysts that 
averaged appreciably smaller than usual on the first day of 
the patent period. As the infections progressed, the mean 
dimensions of all but two increased until on the final days 
of the patent period the means were noticeably larger. Bird 
4 infection was the first of those showing initially small 
oocysts, and represents the group of thirteen in Table I. 
Table III gives the mean dimensions of the other twelve , 
measured on the first and fifteenth days of the patent per-
iods. 
Sporulated oocysts from Birds 2 and 2 collected near the 
end of the patent period were given to coccidia-free birds 
and the oocyst dimensions measured on the first and fifteenth 
days of the patent periods of the second infections (Table IV). 
TABLE III. 
Mean dimensions of initially small 
oocysts early and late in the patent period 
ML = mean length (M) MW= mean width ( M) 
Bird number First day Fifteenth 
l 
2 
.3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
:t.clJth day 
M.L. M.W. M.L. 
16.7 15.2 19 • .3 
15.5 14.1 19.0 
15.6 14.1 19 • .3 
16.2 15.0 19.1 
18.0 16.6 18.1 
16.7 14.9 20.0 
17.5 16.0 *19.0 
15.5 14.0 19.2 
17.4 16.1 17.6 
16.2 14.9 18.9 
16.7 15.2 19.0 
18.1 16.8 19.1 
TABLE IV. 
Mean dimensions of small oocysts 
when transferred to second hosts. 
First Second 
day 
M. W. 
17.6 
17.4 
17.6 
17.5 
16.6 
18.1 
17.4 
17.5 
16.2 
17 • .3 
17 • .3 
17.7 
host number host number First day Fifteenth day 
.32 
M.L.(p) M. \'l .(;u) M.L.(;u) Ivl . ltJ .(p) 
5 
9 
1.3 
14 
18.5 
17.8 
16.9 
16.5 
19.0 
19.1 
17 • .3 
17.5 
The measurements on all four tables lead to the conclu-
sion that when oocysts are initially smaller than usual, the 
means will generally rise during the patent period. ~fuen 
oocysts are of t ypical size (17 x 19 ;u,approximately), early 
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in an infection, the mean dimensions remain nearly constant. 
A constant oocyst size is much more usual than an increasing 
mean. 
It has been my experience that small oocysts always ap-
pear early in an infection, and must therefore be among the 
first oocysts produced. 
Small size does not seem to be connected with degree of 
infection, since some of the heaviest infections showed co-
cysts of normal size, while small oocysts appeared in lieht 
as well as heavy infections. 
The shape index does not change significantly during 
the course of infection. 
III. MEANS OF INFECTION AND REINFECTION 
·A. Natural infection of young pigeons 
It is generally agreed that young pigeons are infected 
by their parents while still in the nest. Bondois (1936) 
checked ten young pigeons of naturally infected parents and 
found that all became infected. The earliest infection ap-
peared in a squab that began passing oocysts when only six 
days old. The others that he examined gave off oocysts at 
various ages up to fifteen days, when the tenth bird became 
positive. 
I checked twenty-two squabs that were raised by infect ed 
parents. Twenty-one,or 95%, became infected. The youngest 
squab to pass oocysts was thirteen days old. The oldest was 
twenty-nine days old. 
Da:£ 
TABLE V. 
Earliest ages at which twenty-one 
naturally infected squabs passed oocysts. 
OOC:£Sts first aEEeared Nwn.ber of birds 
13 l 
14 0 
15 2 
16 3 
17 3 
lS 4 
19 3 
20 2 
21 2 
22-2S 0 
29 1 
21 
3 5 
This table indicates that young pigeons raised by in-
fected parents are almost sure to become infected with coc-
cidia. 
It is possible that the squab that passed no oocysts 
until it was twenty-nine days old might have infected itself, 
since it began feeding itself when about three weeks old. 
However, it could have received oocysts from its parents, as 
squabs usually beg for and receive regurgitated f ood even 
though fending for themselves. 
The chance of a young pigeon in the nest infecting it-
self from feces is slight. Although at an early age squabs 
pecked around them and picked up objects in their beaks, the 
nest seemed to be almost the only place where the parent 
birds did not usually defecate. 
B. Natural infection and reinfection of adults 
If adult birds have escaped infection when they were 
young, there is still ample opportunity for them to acquire 
oocysts later on. 
Domesticated birds kept in lofts can easily pass oocyst s 
around in the loft and infect each other again and again with 
contaminated food and water. Pigeons are not discriminating 
in choosing a place to defecate, and oocysts may be found 
anywhere in a loft. 
Wild pigeons are gregarious birds, tending to congregate 
in numbers, sometimes i n small areas. Favorite roosting spots 
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become quickly contaminated if infected birds use them. 
Obviously the infective ability of oocysts deposited in 
roosting areas and in food and water depends upon their re-
sistance to environmental change. Temperature and moisture 
conditions are changing continually, particularly out of 
doors and, since the disease appears to be very common, it 
must be concluded that oocysts are resistant forms. The ef-
fects of various agents on them are taken up later in this 
thesis. 
Another way by which some birds may infect others is a 
result of the mating activity called ceremonial feeding. 
Prior to copulation the female pigeon begs for food from the 
male in much the same way that a squab begs from its parent s . 
The male usually resists her entreaties at first but eventu-
ally capitulates and regurgitates into her mouth. Sporulat ed 
oocysts might be transferred from male to female in this way , 
if he had ingested some previously. 
Several workers have shown that arthropods may at time s 
play a role in the mechanical transmission of various coc-
cidia. 
Fantham suspected flies as early as 1910. He found t hat 
larvae, pupae, and adults of flies that had fed on feces of 
infected grouse had oocysts in the alimentary tract and feces. 
He mentioned the house fly, among others, as a carrier of 
oocysts. 
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Johnson (1923a) also suggested flies as possible car-
riers. 
Baker (1933) fed the blue-bottle flies, Phormia regina 
and P. terrae-novae, and the house fly, Musca domestica, to 
coccidia-free chicks and obtained coccidian infections. He 
felt that a recent outbreak of coccidiosis in Canada was t i ed 
up with the fact that flies were exceptionally prevalent at 
the time. 
Delaplane and Stuart (1933) found that oocysts fed to 
Musca domestica larvae did not survive through the flies' de-
velopment to adulthood. They concluded that the house fly 
is a potential mechanical carrier only. 
Metelkin (1935) fed rabbit ooqysts to six species of 
common flies in Russia and found them unaltered and viable in 
the intestinal contents up to twenty-four hours, and in the 
fly discharges until they dried up. 
Becker (1948) mentioned the possibility of other insects 
such as beetles, cockroaches, and ants, as well as other in-
vertebrates, being potential mechanical vectors. He also 
thought that rats and mice might carry oocysts. 
Yakimov and Ivanova-Gobzem had already shown in 1931 
that foreign oocysts could sporulate after passing through 
the alimentary tracts of rats and mice. Perard (1933) demon-
strated that rabbit coccidia could survive passage through a 
dog. 
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In the present work, animals that had access to the pi 
geons being used, besides their own parasites, were house 
flies, blue-bottle flies, grain moths, and (for one short 
period) fruit flies. Any flies seen were immediately killed . 
The grain moths did not enter the pigeon cages to my knowl-
edge. Since no unexplainable infections occurred during t he 
investigation, it can be assumed that the arthropods did not 
spread the disease among the experimental birds. 
It has been suggested that birds might be infected by 
ingesting merozoites as well as oocysts. Hadley (1909) 
hinted at possible transmission by a schizogonous stage. 
Roudabush (1935) succeeded in infecting rats with mero-
zoites of Eimeria miyairii. 
Although Tyzzer had failed to do so in 1929, P. Levine 
(1940) infected chicks with the merozoites of five species 
of Eimeria. He felt that infection by merozoites might occur 
in the field, particularly where cannibalism is found. Mero-
zoites in freshly passed feces might also infect. He con-
sidered it possible that infections supposedly resulting from 
the ingestion of fresh oocysts in feces might actually have 
been caused by ingestion of merozoites. I found no infec-
tions that could be attributed to any form but the oocyst. 
Such infections would have been revealed by abnormally short 
prepatent periods. 
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C. Experiments with contaminated food and water 
Since food and water containing sporulated oocysts are 
considered important sources of infection and reinfection of 
pigeons, I decided to test the actual infective potentials 
of both. 
In each of five tests a coccidia-free bird was given 
grain from the cage of a pigeon that had been liberating 
large numbers of oocysts for at least forty-eight hours. 
The grain was left in the second cage twenty-four hours, and 
then the cage was cleaned thoroughly. Each following day 
the feces were checked for oocysts. Table VI shows the re -
sults. 
Bird 
TABLE VI. 
Infection of pigeons with grain 
from cages of cases of coccidiosis 
number Result Degree of infection 
1 * moderate + 
2 + heavy 
3 + moderate 
4 + moderate 
5 
*The symbols do not indicate number of oocysts but rather 
only their presence. 
It is obvious from the results listed on Table VI that 
contaminated food can easily result in infections even when 
it is available to a bird for a relatively short time (24 
hours). 
-. 
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To test the potential infectivity of water that had been 
used by infected pigeons, I placed water dishes from cages 
of birds that had been passing large numbers of oocysts for 
at least forty-eight hours in cages of five birds that were 
coccidia-free. These dishes were left in the second cages 
twenty-four hours. 
TABLE VII. 
Infection of pigeons with water 
from cages of birds with coccidiosis 
Bird number Result Degree of infection 
1 
2 
3 
4 
5 
moderate 
*This symbol signifies presence of infection only, not number 
of oocysts. 
Table VII shows that drinking water is not as likely t o 
be a source of coccidian infection in pigeons as is food. 
This may be true because the pigeons did not defecate as fre -
quently in their water, or because oocysts do not sporulate 
as easily in water as they do in feces out of water. (Sporu-
lation of oocysts in water is taken up in a later section). 
D. Experiments in cage cleaning with regard to infection and 
reinfection 
The nature of some experiments I intended to conduct 
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with coccidia made it imperative that reinfection be elimi-
nated. Because of this, it had to be determined how fre-
quently cages must be cleaned to prevent reinfection. 
Five coccidia-free pigeons, twenty-one to twenty-eight 
days old, were placed in cages of birds that had been pass-
ing oocysts in large numbers at least forty-eight hours. 
The cages had not been cleaned for three days. 
* 
Bird 
TABLE VIII. 
Infections resulting in test birds 
in uncleaned cages of infected birds. 
number Result Degree of infection 
* 1 + heavy 
2 + moderate 
3 + heavy 
4 + moderate 
5 + moderate 
Symbols indicate presence of oocysts, not numbers of them. 
After the birds listed in Table VIII were found to be 
liberating oocysts, their cages were cleaned thoroughly at 
twenty-four hour intervals and their water and food dishes 
changed. Five days after they first began giving off oocyst s , 
the infected birds were removed from their cages, and five 
coccidia-free pigeons replaced them. None of the five became 
infected. 
These results show that thorough cleaning of cages at 
twenty-four hour intervals can prevent infection or reinfec-
tion. 
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The experiment was repeated, with coccidia-free birds 
in cages of birds that were infected, the difference being 
that the cages were cleaned at forty-eight hour intervals. 
* 
Bird number 
1 
2 
3 
4 
5 
TABLE IX. 
Infections resulting when cages were 
cleaned at forty-eight hour intervals. 
Degree of 
Result infection 
..,_ 
,,. 
moderate + 
+ moderate 
+ moderate 
+ moderate 
+ moderate 
Three months later 
Result 
+ 
+ 
+ 
Degree of 
infection 
light 
moderate 
light 
Symbols indicate presence of oocysts, not numbers of them. 
It will be noted from Table IX that not only did all the 
pigeons become infected, but three were still liberating co-
cysts after three months. Since the patent period is nor-
mally not over a month long, these later infections must have 
resulted from ingestion of more sporulated oocysts. Forty-
eight hours is obviously too long an interval to allow be-
tween cage-cleanings if reinfection is to be prevented. 
In view of all these results, I cleaned the cages of 
birds being utilized in any tests at twenty-four hour inter-
vals, until all danger of reinfection was past. Any grain in 
the cages was thrown out, and food and water dishes were 
changed. 
IV. LOCATION OF THE PARASITE WITHIN THE HOST 
A. Sectioning, staining, and checking for parasites 
Sections six and ten microns in thickness were made 
from ten different locations along the intestines of ten 
birds (Figure 7). 
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Sections were fixed in Bouin's fluid for at least twenty-
four hours, stained with Harris's hematoxylin and eosin, and 
mounted in balsam. 
Gilson's fluid was tried as a fixative, but it was found 
that some sections did not stain as well as those from Bouin's 
fluid. 
Celestin blue B and Delafield's hematoxylin were used t o 
stain a few sections. Neither gave as satisfactory results 
as Harris's hematoxylin. 
Only six-micron sections of intestine were used for 
checking parasites, since the ten-micron ones tended to be 
too darkly stained. 
I looked for parasites in well-cut and well-stained sec-
tions from the intestines of ten heavily infected birds. Usu-
ally 430X was sufficient to show the parasites clearly, al-
though occasionally 970X and oil immersion were necessary to 
prevent false identification, when the coccidia were few in 
number in any area. 
Only parasites actually in the epithelial cells were r e-
corded, since any that were in the intestinal lumen might 
-· 
Figure 7. 
Lower digestive tract of pigeon, with numbers 
showing locations from which sections were made. 
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have originated more anteriorly and have moved down to a new 
location. 
All stages of E. labbeana were recorded, as my purpose 
was to report only presence or absence of the coccidium in 
specific locations, without regard to life history stage . 
B. Results 
Nieschulz (1922) reported pigeon coccidia from the whole 
intestine except the extreme ends. Most of them were appar-
ently midway between the gizzard and the cloaca. 
Bondois (1936), in a diagram, indicated the location of 
E. labbeana as being throughout the duodenum, about midway 
along the small intestine, and just above the ceca. 
Levi (1951) said that the parasite attacks principally 
the cells lining the small and large intestines. 
TABLE X. 
Location of E. lab be ana in ten pigeons. 
Areas of intestine 
Bird number 1 2 3 4 5 6 7 8 9 10 
1 + + + + + + + + + 
2 + + + + + + '+ 
3 + + + + + + + + 
4 + + + + + + + + + 
5 + + + + + + + 
6 + + + + + + + 
7 + + + + + * + + 
8 + + + + + + + 
9 + + + + + + + + 
10 + + + + + + + + 
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I found E. labbeana in every part of the intestine from 
just belo\'.r the gizzard down to the cloaca. There were none 
in the ceca (Table X). 
The parasites were most numerous in areas2, 6, and 7, 
and least numerous below the ceca (10). Only two (1 and 4) 
of ten birds showed any coccidia in the rectum and they had 
very few in that location. 
Few workers have reported the results of investigati ng 
any other parts of the alimentary tract for coccidia. De 
Saint Moulin (1928) examined the mucus of the anterior di-
gestive tract but did not find coccidia there. 
I checked, in smears, material scraped from the mouth, 
crop; proventriculus, and ventriculus of eight heavily infec-
ted birds. Results were negative, except for the crops of 
two pigeons. I found two unsporulated oocysts in one and 
seven in the other. They probably had just been ingested, 
since both birds were liberating large numbers of oocysts. 
V. COURSE OF THE INFECTION 
A. Prepatent period 
The prepatent period may be defined as the length of 
time between the ingestion of infective material and the 
first appearance of oocysts in the feces. 
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Nieschulz (1925) said that development of E. labbeana 
in the pigeon up to the appearance of the first oocysts in 
the feces takes exactly six days. 
Bondois (1936) recorded the appearance of oocysts on the 
seventh day after feeding sporulated oocysts. 
Morini (1950) gave the prepatent period as seven to eight 
days. 
In nearly every instance I found the prepatent time was 
six or seven days. No oocysts ever appeared earlier t han six 
days after an inoculum had been given. 
Two exceptions to the usual six to seven day range were 
noted. One bird that had been given an old culture of oocysts 
(132 days) showed a prepatent period of ten days. Another 
that had been fed eight-day oocysts exhibited an eight-day 
prepatent period. I can offer no explanation for these ano -
malies. Dickinson's (1946) report that the older a culture 
the more delayed was the production of ~· tenella oocysts 
does not hold true here, because oocysts older than 132 days 
did not show prepatent times longer than seven days. 
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Hawkins (1952) stated that a parasite in an abnormal 
host may have a longer prepatent period than usual, but this 
was not tested with E. labbeana. 
B. Patent period 
The patent period is the length of time that the host 
passes oocysts in the feces. 
Boughton (1937a) found that the sparrow coccidium, 
Isosnora, produced a chronic infection that was maintained 
without the ingestion of more oocysts. In other words, the 
infection was not self-limited. 
Such infections have not been found among other coccidia . 
Tyzzer (1932) stated that coccidian infections tend to be 
self-limited and that unlike bacterial infections, coccidi-
osis is dependent upon reinfection through ingestion of more 
oocysts. 
Before Bougnton's (1937a) work, Becker {1934) seemed to 
feel that all coccidian life cycles were self-limited, but 
in 1948 he had revised his estimate and simply said that some 
are while some are not. 
Among bird coccidia that infect domesticated species, 
most seem to be self-limiting parasites. As recently as 
1950 Moynihan found further evidence that E. acervulina is 
included in this group. 
Among mammalian coccidia E. miyairii {Roudabush 1935) 
and others have been shown t o be s elf-limited. 
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Since one Isospora species is the only coccidium that 
has been shown to have a life cycle that is not self-limited, 
it might seem safe to conclude that most coccidia do not have 
cycles of this nature. However, relatively few coccidian i n-
fections in wild animals have been studied, and even some of 
those in domesticated forms are incompletely known. Many 
more species must be investigated thoroughly before any gen-
eral statements concerning coccidian life cycles can be made. 
I could find no report of the patent period of E. lab-
beana, although several references stated that the acute 
stages lasted less than two weeks and that a chronic condi-
tion might continue for an indefinite length of time. No one , 
as far as I could tell, had ever actually investigated the 
length of the patent period until I did so. 
Lengths of patent periods of initial infections and re-
inf ections were treated separately since it appeared that t he 
latter were often shorter. Patent periods of twenty infec-
tions and twenty reinfections were studied. Allwere experi-
mentally produced (Tables XI and XII). 
The average length of the patent period for twenty in-
fections was 20.8 days, while that for twent y reinfections 
was 12.5 days. The range of patent periods of twenty infec-
tions was 10-30 days; that for reinfections was 6-25 d~ys. 
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TABLE XI. 
Patent periods of first infections. 
Patent Patent 
Bird number period (days) Bird number period (days) 
1 10 11 25 
2 26 12 15 
3 15 13 30 
4 28 14 10 
5 30 15 27 
6 12 16 22 
7 28 17 17 
8 18 18 22 
9 16 19 28 
10 27 20 13 
TABLE XII. 
Patent per iods of reinfections. 
Number of 
Bird number previous infections Patent period (days) 
1 1 9 
2 1 17 
3 1 10 
4 2 6 
5 3 9 
6 2 9 
7 2 15 
8 2 14 
9 1 25 
10 4 8 
11 1 17 
12 6 8 
13 2 10 
14 2 13 
15 2 23 
16 3 7 
17 2 14 
18 2 9 
19 1 13 
20 5 7 
When two birds were given a large number of reinfections 
(e i ghteen and twenty), the patent periods were very notice-
ably shorter than those of first infections. Of the last 
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five reinfections given these two birds, none exceeded ten 
days. 
From all these results it may be concluded that Eimeria 
labbeana infection is self-limited. Although the length of 
the patent period varies, probably because of a number of 
factors, it does not apparently exceed thirty days. The 
patent period tends to be shorter in reinfection than in 
first infection, and its length tends to be inversely pro-
portional to the number of infections that preceded. 
In any tests such as those just described it is most 
important that the pigeons do not reinfect themselves. Ex-
treme caution was taken in cleaning cages and food and water 
dishes carefully every twenty-four hours. 
C. Symptoms 
Few of the symptoms of pigeon coccidiosis described by 
other workers were observed during the present investigation. 
None of the very young squabs (less than ten days) that were 
infected showed weight loss. Only three older squabs (ten, 
twelve, and fifteen days old when infected) lost a few grams 
which they regained in two to three days. One bird two months 
old also lost a little weight during its first infection and 
gained it back in two days. Weight loss in all four cases 
occurred between the sixth and ninth day after the birds had 
been fed oocysts. 
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The most commonly observed symptom of coccidiosis was a 
slight diarrhea, with the feces watery and greenish in color . 
This appeared .usually when infections were heavy. It must 
be stated, however, that greenish feces occasionally were 
passed by a healthy bird. 
Some birds that showed evidence of heavy infection by 
passing large numbers of oocysts exhibited no symptoms at all. 
Why the pigeons did not become severely sick, even when 
fed up to 900,000 sporulated oocysts, is not known. One 
likely explanation is that this organism has strains that 
vary in their pathogenicity. · Since oocysts from five wild 
pigeons obtained from different areas in Boston also produced 
mild infections, it appears that coccidiaanong the local pi-
geon population tend to be non-pathogenic. 
An important aspect of the question of any parasite's 
pathogenicity is the ability of the causative agent to re-
peat symptoms in a second experimentally infected host. Un-
fortunately, as mentioned previously, in references that de-
scribe severe cases of pigeon coccidiosis I found no evidence 
that this had been attempted. Evidently the mere presence 
of coccidia was taken as evidence that they were causing the 
symptoms, without any check being made for bacteria or other 
organisms. In view of this lack of careful investigation one 
wonders how many of the cases of severe coccidiosis among 
pigeons that have been recorded were really infections caused 
by other parasites. 
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D. Histopathology 
Since the infections I produced were without severe 
symptoms, as might be expected the histopathologi cal picture 
was not one of deep lesions and extensive destruction of tis-
sue. Most sections from heavily infected birds revealed the 
parasite only in the epithelial cells of the villi. This 
finding substantiated what Nieschulz (1925) had said when he 
was comparing the location of E• labbeana with that of E. 
tenella, which penetrates into subepithelial tissue. 
In a very few cases, however, I noted parasi tes that 
appeared to be just below the epithelium, although it was 
difficult to determine whether they were actually subepithe-
lial in location or whether the angle of the cut made them 
appear so. Morini (1950) did report E. labbeana both in epi -
thelial cells and in layers below them. From my observation, 
it is not usual for any stages of this coccidium' s life cycle 
to be below the epithelial layer. 
Sporozoites and merozoites frequently penetrate the epi-
thelial cells to below the level of the nucleus so that as 
the parasite grows, the host cell nucleus is pushed toward 
the cell membrane lining the intestinal lumen (Figure$). 
In this, E. labbeana differs from E. mohavensis (Doran and 
Jahn 1952), E. meleagrimitis Hawkins (1949), E. dispersa 
(Hawkins 1952), and some other species which never penetrate 
beyond the host cell nucleus. 
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Figure 8. 
Macrogametes in epithelium of small intestine, with 
right one showing penetration below host cell nucleus. 970X . 
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No appreciable hypertrophy was noted in the nucleus of 
the pigeon epithelial cell, although it has been reported in 
chicken cells infected with E. tenella (Morgan and Hawkins 
1949). The host cell of course increases in size overall t o 
accommodate the parasite. 
When the merozoites, microgametes, and zygotes leave t he 
epithelial cells, the latter are destroyed and when there is 
a heavy infection, some areas in the villi become denuded. 
However, Hawkins (1952), working with turkey coccidia, and 
others have noted that such bare areas become fi l led with 
epithelium rapidly. 
Occasionally a widespread separation of epithelium from 
basement membrane was noted, but there is little evidence 
that it was related to parasitic infection. Although it 
showed up more commonly when the intestine was harboring large 
numbers of parasites, it was also found occasionally when in-
fections were light. 
E. Correlation between size of experimental dose and degree 
of infection 
Crawley stated in 1912 that the number of parasites in 
a coccidian infection does not depend necessarily on the num-
ber of cysts swallowed but rather on "the number of schizo-
gonous generations or repetitions of the schizogonous cycle. " 
When the sporogonous cycle begins, cell destruction ceases 
and the acute stages of the disease end. 
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Beach and Corl (1925) found that in their experiments 
with chicken coccidiosis there was no correlation between 
the size of the dose of sporulated oocysts admini stered and 
the amount of mortality that followed. 
Others have disagreed. Dickinson (1941) reported that 
the severity of E. acervulina infection in the chicken was 
in direct proportion to the number of sporulated oocysts 
given in a single dose. Jankiewicz (1945) noted the same 
results with E. stiedae in the rabbit. 
In the present investigation a number of different 
sizes of doses of sporulated oocysts were used and the oocysts 
of the resulting infections collected daily from feces and 
counted, to determine the degree of infection. 
In order to feed small doses of oocysts to pigeons it 
was necessary to isolate sporulated forms careful ly. An aque-
ous oocyst suspension was diluted, small amounts were pipet-
ted out onto small pieces of cellophane, and checked under 
the microscope. When the number of oocysts requi red were 
found on a cellophane piece, it was given to the pigeon. 
Five coccidia-free pigeons were fed one sporulated 
oocyst each. Other single birds were fed 10, 20, 68, approxi-
mately 300, and approximately 600 sporulated oocysts. 
TABLE XIII. 
Degree of infecti.on resulting from 
small doses of sporulated oocysts. 
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Bird number Size of dose 
(sporulated oocysts) Degree of infection 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 
1 
1 
1 
1 
10 
20 
68 
300 
600 . 
light 
moderate 
none 
light 
none 
moderate 
moderate 
heavy 
heavy 
heavy 
As may be seen from Table XIII it was found possible to 
produce infections, recognizable by oocyst liberation in fe-
ces, in three of five birds, by the administration of single 
oocysts. None of these infections was heavy. 
When more oocysts were given, it became impossible to 
predict the degree of infection that would result. Frequent-
ly a dose of 50,000 sporulated oocysts produced an infection 
that was as heavy as one caused by 500,000. 
None of the four birds that lost weight had received 
more than 100,000 oocysts. 
Very young squabs and birds up to six months of age were 
fed approximately 900,000 sporulated oocysts and yet showed 
no severe symptoms. 
It becomes obvious from studying these results that other 
factors besides the size of initial intake of sporulated 
oocysts must influence the course of an infection with 
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E. labbeana. 
F. Validity of oocyst count as denoting infection or lack of 
it 
Since it seems apparent that E. labbeana has a self-limi-
ted cycle that terminates in the pigeon after about a month 
at the most, the presence of oocysts in the feces must indi-
cate that a host has ingested sporulated oocysts no longer 
than thirty-seven days before. Oocysts in feces then demon-
strate an active infection. Is it true, however, that lack 
of oocysts in feces denotes that a bird is free of all forms 
of the parasite? 
Herrick and Ott (1936b) found chickens with viable 
oocysts of E. tenella in the tissues of the cecal pouches and 
passed in the cecal droppings up to seven and one-half months 
after initial infection. The authors further stated that these 
chickens had been kept free from reinfection. 
Because of this reference I deemed it advisable to check 
birds thoroughly for varying lengths of time after they had 
ceased to liberate oocysts to preclude the possibility of the 
parasite's remaining viable for a time after the birds were 
apparently free of infection. 
The feces of five birds were checked for twenty consecu-
tive days after appearing to be negative. The birds were then 
sacrificed and slides and smears made from parts of the intes-
tines and the ceca, although no parasites had ever been re-
corded from the ceca. All results were negative. 
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From experience with a large number of infections I found 
that no oocysts ever appeared again in the feces, after fece s 
contained no oocysts for more than three consecutive days. 
In a few cases feces were negative one and two days, and then 
more oocysts were passed. In one case feces had no oocysts 
for three days, and then more appeared, but never after three 
d~ys. In order to be certain before considering an infection 
terminated, I required that feces be negative five days be-
fore calling a bird infection-free. 
It is clear that no stages of E. labbeana are retained 
for long in the pigeon and that lack of oocysts in the feces 
for a few days indicates that the bird harbors no coccidia. 
G. Periodicity of oocyst production 
In 1933 Boughton recorded periodicity of oocyst produc-
tion during coccidian infection in the English sparrow (Passer 
domesticus) and seventeen groups of other passerine birds in 
a zoo. Under ordinary daylight conditions these birds pas-
sed Isospora oocysts in their droppings during the afternoon. 
The hours of heaviest oocyst production were 3 P.M. to 8 P.M. 
He noted that infected birds might appear negative if checked 
in the forenoon. 
In 1935 Boughton, Atchley, and Eskridge found that by 
experimentally shortening or lengthening dark (rest) and ligh t 
(feeding, active) periods of English sparrows, they could al-
ter the times when peaks of Isos pora production occurred. The 
·60 
peaks corresponded to the number of artificially created days. 
They concluded, therefore, that the controlling mechanism be-
hind the variation of oocyst numbers was involved with host 
activity. 
P. P. Levine (l942a, l942b) found evidence of periodi-
city of oocyst discharge in all six species of chicken coc-
cidia that he studied. The general tendency was for a slight 
increase in numbers between 9 A.M. and 3 P .Ivi. E. necatrix, 
however, showed greatest numbers during night and early morn-
ing. 
The reference of closest relevance to the present study 
is another of Boughton's papers (1937b). He collected feces 
of five pigeons at 9 A.M., 3 P.M., and 9 P.M. and counted 
oocysts per gram of feces. He assumed that the parasite was 
E. labbeana, although no careful observation for identifica-
tion was attempted. 
Whereas fecal output was distributed evenly over a twenty-
four hour period, oocyst concentration was between 9 A.M. and 
3 P .M. The peak was approximately six hours earlier than that 
of Isospora in the English sparrow. 
Boughton warned that oocyst numbers in fecal smears may 
give an erroneous impression of degree of infection unless 
periodicity is taken into account. 
Because of the importance of oocyst counts in the pres-
ent investigation, I considered them necessary to verify 
Boughton's results. 
61 
Three infected birds were used. Three samples of 1 . 5 
grams each were collected from each bird at 9 A.M., 12 noon, 
and 3 P .M. on five consecutive days . The specimens were cen-
trifuged with zinc sulfate, specific gravity 1.180, and the 
oocysts were counted. 
TABLE XIV. 
Oocyst numbers in feces 
collected at different times . 
Day 9 A.M . 12 noon 3 P.M. 
Bird 1. 1 + ++++ ++++ 
2 + +++++ +++++ 
3 + 
' 
few +++++ +++++ 
4 + 
' 
few ++++ +++++ 
5 + 
' 
few ++++ +-I·++ 
Bird 2 1 + + 
2 + 
' 
few + + 
3 + 
' 
few + 
' 
few + 
' 
few 
4 + 
' 
few + few 
5 + ' few + 
' 
few + 
' 
few 
Bird 3 1 + ++++ ++++ 
2 +++ +++ 
3 ++ +++ 
4 + 
' 
few ++ ++ 
5 + ' few +++ +++ 
Table XIV shows that Eimeria labbeana oocysts are more 
numerous in feces from 9 A. M. to 3 P.M . than from 3 P.M. to 
9 A.M. The results agree with those of Boughton (1937). 
The numbers of oocysts produced between 9 A.M. and 12 
noon and those between 12 noon and 3 P.M. were almost identi-
cal, with minor differences only on the fourth day of t he first 
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bird and the third day of the third pigeon. 
Because of the obvious periodicity of oocyst production , 
I made all collections of specimens for counting from fresh 
feces after 9 A.M. and before 3 P.M. 
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VI. EFFECTS OF VARIOUS AGENTS ON OOCYSTS 
A. Introduction and review of the literature 
Since the oocyst stage of a coccidian life cycle is so 
easily collected and cultured, it has been investigated more 
thoroughly than any of the other forms. It must, of course, 
be a relatively resistant form to withstand frequent environ-
mental change outside the host. Many observations concerning 
its resistant qualities have beenmade and many experiments 
conducted to test them. Some of the latter have been done 
with an eye to commercial application while others were done 
purely to add to our knowledge of the parasites' biology. 
Investigations of resistance of the oocyst are aimed at 
discovering two things: 
1. Will a certain agent prevent sporulation? 
2. Will a certain agent kill the oocysts? 
Either result will of course prevent oocysts from infec-
ting, but it is important to distinguish between them. If an 
agent prevented sporulation without killing, sporulation might 
well occur after the agent's removal. 
Works in the literature dealing with oocyst resistance 
fall into two major categories: those describing experiments 
or observations conducted under natural conditions or at 
least utilizing natural materials such as soil, and those con-
ducted in the laboratory usually under more controlled condi-
tions and using experimental materials. 
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I carried out all tests in the laboratory using labora-
tory materials. 
However, it might be well to mention some of the more 
important of the many papers describing tests under more or 
less natural conditions, since some of them have direct bear-
ing on the other type of investigation. 
Beaudette (1925) pointed out that intestinal coccidiosis 
of the chicken appears in the spring generally and that chick-
ens put on to soil, contaminated the previous year, early in 
the spring did not get the disease, while chickens put out 
later in the spring sometimes did. He concluded that oocysts 
survived the winter but did not become infective until the 
weather warmed sufficiently. Warm wet weather seemed most 
favorable for coccidiosis outbreaks. 
Beach and Davis (1925) among others said that coccidian 
oocysts of chickens remained alive in soil a year or longer. 
Beach and Gorl (1925) reported that oocysts sporulated 
in moist soil exposed to sunshine but not in shade. No sporu-
lation occurred in soil exposed to sunshine when the soil was 
dry. 
Edgington and Broerman (1931) found that oocysts in out-
door pens were highly infective for chicks for four summer and 
fall months. A few apparently survived the winter and re-
mained infective. 
Nohmi (1931) reported chicken coccidia remaining alive 
in natural sand outdoors for six months. 
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Patterson (1933b) conducted a number of exper iments with 
E. tenella oocysts in moist soil and found them remarkably re-
sistant to cold but very susceptible to desiccation. 
Warner's (1933) results showed chicken oocysts to be less 
resistant than did those of most other workers. He found them 
not viable at eighty~ne days under natural poultry range con-
ditions. However, experimentally seeded plots showed infec-
tive forms up to 197 days. 
Delaplane and Stuart (1935) found oocysts surviving win-
ter and spring and up to nine months on experiment al plots, 
and up to eighteen months on a wooded range. 
Boughton {1939) tested various types of litter and re-
ported that shallow and deep litters of clean shav ings or s aw-
dust reduced the number of sporulated oocysts when kept dry , 
but did not completely prevent sporulation. A "li tter" of 
100% feces allowed sporulation when damp, but not when wet. 
Farr and Wehr (1949) recovered infective oocysts of E. 
acervulina from outdoor ·· plots after eighty-six weeks. They 
also found that different species of Eimeria varied signifi-
cantly in t heir ability to survive. Other results verified 
again the ~igh resist~nce of oocysts to cold. 
Koutz (1953) recorded viable oocysts in deep litter that 
had been exposed to winter temperatures for ten weeks. Te~­
o peratures as low as -14 F. had occurred. 
Working with rabbit coccidia, Lund (1954) found a few 
oocysts still infective after eight months outdoor exposure, 
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through dry swmner months. 
This summary of the results of some investigations con-
cerning coccidian oocyst resistance is not intended to be com-
plete but does reveal, among other things, that despite the 
inevitable contradictions, oocysts can survive and remain in-
fective at least several months under natural conditions. 
B. Chemical agents 
1. Potassium dichromate (control medium). 
As I mentioned previously in the section concerning meth-
ods and materials, most workers have cultured oocysts in po- · 
tassium dichromate at varying percentages of concentration. 
In the present work a 2% aqueous solution was used. None of 
the other media tested gave as consistently good sporulation. 
Therefore, I decided upon the use of this solution as a con-
trol medium while other agents were being tried. It was impor-
tant, because of this, to determine as closely as possible the 
sporulation time in potassium dichromate, as well as the per-
centage of sporulation. Length of life in this medium was 
also noted. 
The room temperature in the laboratory where the tests 
were conducted varied from 206 0. to 26°C. and was found suit-
able for rapid and complete sporulation of E. labbeana oocysts. 
Therefore, this range was utilized as a control when tempera-
ture experiments with oocysts were being carried on. 
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In the sporulation time and percentage sporulation tables 
that follow irrunediately and in sections C and D, a "sporulated" 
oocyst is one in which the sporocysts appear fully formed and 
containing sporozoites, without regard to complete sporozoite 
development. It was found not feasible to take the long time 
that would have been necessary to determine whether all the 
sporozoites were mature, while making the large number of 
counts that had to be made. It can be assumed that if the 
sporocyst does contain recognizable sporozoites, the latter 
either are mature or will be in a very short time. 
TABLE XV. 
Means and ranges of percentage sporulation of 1000 oocysts 
from ten infections in an aqueous 2% solution of potassium 
dichromate at 20 - 26°C. over a period of fifteen days. 
Days Mean 12 S:Qorulated % range S:QOrulated 
l 0 0 
2 47 12-65 
3 73 47-90 
4 e6 65-96 
5 ee 6e-93 
6 e3 62-95 
10 e6 66-97 
15 e3 63-94 
It may be seen from Table XV that the percentage range of 
sporulation of oocysts varied greatly in samples from differ-
ent infections. However, the average percentage -sporulation 
remained relatively uniform after three days. 
No sporulation occurred at twenty-four hours.. This re-
sult disagrees with that of Chakravarty and Kar (1946) who re-
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ported 5-3% sporulation of E. labbeana oocysts in t wenty-four 
hours. 
Morini (1950), on the other hand, gave the sporulation 
time as about forty-eight hours. 
In order to see whether oocysts younger than forty-eight 
hours could infect, I fed two birds fresh oocysts, five birds 
twenty-four hour oocysts, and five birds thirty-six hour 
oocysts. All but one bird remained negative. The exception 
was a pigeon that had received twenty-four hour oocysts, and 
since none of those that were fed thirty-six hour samples be-
came infected, it is assumed that the positive result was due 
to contamination with older oocysts. 
In all ten samples of oocysts used for measur ing percent-
age sporulation at various times, some of the fort y-eight hour 
oocysts appeared sporulated. To test their infect ivity, I fed 
forty-eight hour oocysts from five separate infect ions to five 
different birds. All five became infected. 
My results with forty-eight hour oocysts diff er from 
those of Bondois (1936). He found that sporozoites developed 
no earlier than the fifth day, even under optimal conditions . 
His statement that sporozoites must be present for the oocys · s 
to be infective leads to the assumption that oocysts must be 
at least 120 hours old before they can infect. Since it hard-
ly appears likely that t he r e could be a difference in sporu-
lation time of seventy-two hours between the E. labbeana 
oocysts that he investigated and the ones t hat Mor ini (1950 ) 
69 
and I worked with, I question the results of Bondois. 
Several authors have commented on the life span of co-
cysts in potassium dichromate. Goodrich (1944) said that mo t 
chicken oocysts lived two years in potassium dichromate while 
a few lived twenty-five months. 
Smith and Herrick (1944) stated that anyone working with 
coccidia finds that he can keep some oocysts viable two years 
or more while others lose infectivity in a few months. 
Babcock and Dickinson (1954) noted that cultures could 
be kept alive 236 days, but such old E. tenella oocysts ex -
hibited reduced pathogenicity. 
Gill (1954) found that cultures of several species of 
Eimeria lived one to two years in potassium dichromate, but 
viability declined sharply in the third year. 
I tested the infective ability of oocysts that had been 
in potassium dichromate varying lengths of time. Birds became 
infected in every instance with 3, 4, 5, 6, 7, 8, 10, 12, 13, 
14, 19, 24, 42, 63, 68, 90, 132, 181, and 400 day oocysts. 
(Oocysts even older than 400 days will be tested in the fu-
ture). No lessening in degree of infection was noted up to 
six months, but the 181 and 400 day oocysts caused only light 
infections. 
Chakravarty and Kar (1946) recorded 100% sporulation of 
E. labbeana oocysts in ninety-six hours at 22.2°C. in 2.5% po-
tassium dichromate. I was never able to achieve 100% sporu-
lation in the hundreds of cultures that I observed in potassium 
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dichromate of varying concentrations (usually 2%) and at dif-
ferent temperatures. As Table XV shows, 97% was the highest 
percentage sporulation recorded. Most cultures never sporu-
lated more than 80-90% no matter how long they were left in 
the culture medium at room temperature. 
2. Distilled water (bacterial action); 
Bacterial action in feces placed in distilled water at 
room temperature becomes very obvious in a short time. The 
effects on oocyst sporulation have been described by several 
authors. 
Fantham (l910a) reported that grouse oocyst sporulation 
was delayed when oocysts were kept in water. Usually sporu-
lation took place in two to three days, but when oocysts were 
in water, it took about eight days. Such oocysts did not show 
degeneration until the fortieth day. 
Johnson (1923a) said that fresh oocysts placed in water 
under a petrolatum-sealed cover glass did not sporulate. 
Whether this inability to sporulate was due to the water or 
the lack of oxygen was not investigated. 
Beach and Corl (1925) found oocyst sporulation in tap 
water, but did not say whether it was reduced or delayed. 
P~rard (1925) stated that putrefaction prevented segmen-
tation and killed oocysts of rabbit coccidia. 
Nohmi (1931) found that distilled water as a culture med-
ium prevented all oocyst development, but that the oocysts 
lived forty to fifty days in it. 
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Patterson (1933b} reported that feces containing E. 
tenella oocysts, after decomposing two weeks, failed to in-
fect chickens. 
According to Bondois (1936} putrefaction killed pigeon 
coccidian oocysts. He did not say how long it took to kill 
them. 
Boughton (1939} stated that heavy bacterial growth cut 
down on sporulation. 
Avery (1942}, on the other hand, used tap water as a con-
trol culture medium while testing the effect of low tempera-
tures on pig coccidia, and reported 93% sporulation in it in 
twenty-six days. This is a most surprising result. 
To investigate E. labbeana oocyst sporulation in distil-
led water at room temperature, I placed feces containing fre sh 
oocysts in Petri dishes and covered it with a shallow layer 
of distilled water. One hundred oocysts were counted at 
twenty-four hour intervals and the percentage of sporulation 
recorded. Controls were in 2% potassium dichromate. The 
0 temperature was 20-25 C. 
Days 
1 
2 
3 
4 
5 
. TABLE XVI. 
Percentage sporulation of 
oocysts in distilled water five days. 
% s:eorulated Control, % sporulated 
0 
0 
0 
2 
1 81 
72 
Put into 2% potassium dichromate at five days. 
6 
7 
9 
10 
12 
14 
0 
57 
60 
68 
68 
63 86 
The procedure was repeated with the oocysts remaining 
longer in water. 
Days 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TABLE XVII. 
Percentage sporulation of 
oocysts in distilled water ten days. 
% sporulated Control, % sporulated 
0 
0 
0 
0 
2 
1 
0 
1 
1 
0 87 
Put into 2% potassium dichromate at ten days. 
0 
40 
71 
90 
83 90 
The procedure was repeated with the oocysts remaining 
twenty days in distilled water. 
TABLE XVIII. 
Percentage sporulation of oocysts 
in distilled water twenty days. 
Days % S£Orulated Control 2 ~ S£Orulated 
10 0 
20 0 84 
Into 2% potassium dichromate at twenty days. 
21 0 
22 0 
23 11 
24 6 
26 10 
30 16 
35 13 81 
The procedure was repeated with the oocysts in water 
thirty days. 
30 
TABLE XIX. 
Percentage sporulation of 
oocysts in water thirty days. 
% sporulated 
1 
Control, % sEorulated 
92 
Into 2% potassium dichromate at thirty days . 
31 
32 
33 
34 
36 
40 
45 
1 
2 
0 
0 
0 
1 
0 86 
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The infective ability of oocysts kept in distilled water 
different lengths of time was tested by giving at least 
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10,000 of each sample to coccidia-free pigeons and checking 
for oocysts in their feces. Five birds were given oocysts 
from samples kept in water the same length of time. 
TABLE XX. 
Infective ability of oocysts kept in 
distilled water for different lengths of time. 
The {+) and {-) symbols denote presence 
or absence of infection, not degree of infection. 
Days in water 
2 3 4 5 10 20 30 
+ 
+ + 
+ 
+ 
Oocysts that had been in water two, three, four, five, 
ten, twenty, and thirty days and then put into potassium di-
chromate for two days were given to coccidia-free pigeons to 
test their ability to infect. All but the thirty-day sample 
caused infections. 
It is obvious from all these results that fresh oocyst s 
placed in distilled water will show a very low percentage of 
sporulation. In twenty days at room temperature most of the 
oocysts were dead, and in thirty days all were dead. 
Although some were alive after twenty days in water, none 
were able to infect after three days in water, unless put i nto 
potassium dichromate first. For some unknown reason even 
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though some of the oocysts had sporulated, they would not 
cause infection. Two explanations can be offered. One is 
that perhaps the sporulated oocysts are less resistant to bac-
terial action and the oocysts are therefore killed after they 
sporulate, while some of the unsegmented ones remain viable 
and can still sporulate after being in potassium dichromate 
a number of hours. The other possibility is that perhaps 
both sporulated and unsporulated ones die, but because the 
former are so few in number none are left to cause infection, 
while out of the large number of unsporulated forms enough 
survive to sporulate later in potassium dichromate. 
3. Salt solutions. 
Fantham (1910a) said that salt killed oocysts rather 
slowly by plasmolysis. He did not state how long it took to 
kill the oocysts. 
Beach and Corl (1925) noted that oocysts of chicken coc-
cidia sporulated in 2% sodium chloride solution. Whether 
sporulation was reduced is not said. 
Bondois {1936) tried 15% NaCl on E. labbeana oocysts and 
determined that it destroyed them in less than twenty hours. 
If the solution was allowed to evaporate quickly, the salt 
killed in one-quarter of an hour to an hour. 
Lavier and Bondois (1937) corroborated {or perhaps just 
repeated) this finding. 
Goodrich (1944) found that the ectocyst of oocysts col-
lapsed in saturated salt solution {specific gravity 1.21). 
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I placed fresh feces containing large numbers of oocysts 
in a Petri dish and covered the specimen with a shallow layer 
of 0.85% aqueous sodium chloride solution (physiological sa-
line} at room temperature (20-25°C.). The control sample was 
in 2% potassium dichromate. 
Days % 
1 
2 
3 
4 
5 
6 
8 
10 
TABLE XXI. 
Percentage sporulation of 
oocysts in 0.85% saline. 
S£Orulated Control, % sporulated 
0 
3 
2 
0 
2 
4 
0 
2 80 
Bacterial action was evident in 0.85% saline , with the 
result that the percentage sporulation was similar to that 
occurring. in distilled water. 
The procedure was repeated with 10% salt solution. 
Days 
l 
2 
3 
4 
5 
10 
TABLE XXII. 
Percentage sporulation of 
oocysts in 10% salt solution. 
% sporulated Control, % sporulated 
0 
38 
92 
88 
85 
90 94 
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A mold grew on this culture but did not hinder sporula-
tion. 
After being in 10% salt solution ten days, 51% of the 
oocysts showed distortion. The oocyst walls had collapsed. 
The procedure was repeated with 15% salt solution. 
Days % 
1 
2 
3 
4 
5 
10 
TABLE XXIII. 
Percentage sporulation of 
oocysts in 15% salt solution. 
SJ20rulated Control, % sporulated 
0 
51 
80 
85 
79 
86 82 
After being in 15% salt solution ten days, all the 
oocysts were badly distorted. 
tion. 
The procedure was repeated with 20% sodium chloride solu-
Days % 
1 
2 
3 
4 
5 
10 
TABLE XXIV. 
Percentage sporulation of 
oocysts in 20% salt solution 
sporulated Control, % sporulated 
0 
52 
47 
? 
?· 
? 
After three days in 20% salt solution, all t he oocysts 
were distorted. From four days on they were so misshapen t hat 
percentage of sporulation could not be ascertained. 
The infective abilities of oocysts kept in different con-
centrations of salt solution at room temperature for ten days 
weret ested by feeding them to coccidia-free pigeons and check-
ing for oocysts in their feces. Twenty birds were used. 
TABLE XXV. 
Infective abilities of oocysts 
kept in salt solutions ten days. 
The (+) and (-) symbols denote presence or 
absence of infection, not degree of infection. 
+ 
+ 
10% 
+ 
+ 
+ 
+ 
+ 
15% 
+ 
+ 
+ 
+ 
+ 
20% 
One pigeon was given 50,000 oocysts that had been in 20% 
sodium chloride solution three days. A heavy infection re-
sulted. 
The results of all these salt solution tests show that 
the oocysts I used were much more resistant to sodium chloride 
than those tested .bY Bondois (1936) and Bondois and Lavier 
(1937). Whereas they reported E. labbeana oocysts killed with-
in twenty-hours in a 15% salt solution, I found that oocysts 
could still infect after ten days in 15% sodium chloride solu-
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tion. Furthermore, oocysts were still alive after being thre e 
days in 20% salt solution. 
Fresh oocysts in feces were placed in a zinc sulfate s o-
lution with a specific gravity of 1.180. This was the solu-
tion used to concentrate oocysts by centrifugation. 
No sporulation occurred in three days. After that length 
of time, the oocysts were too distorted to allow determination 
of percentage sporulation. No infections resulted when oo-
cysts after being in zinc sulfate solution for three and ten 
days were given to coccidia-free birds. 
4. Acids and bases. 
Oocysts of poultry coccidia were found to sporulate in 
2% sulfuric acid and 2% acetic acid by Beach and Corl in 1925. 
Perard (1925) reported that oocysts of rabbit coccidia 
segmented in 1% sulfuric acid and 1% acetic acid. 
Fish (193lb) found that 0.5% of fresh oocysts of E. 
tenella were killed in forty-eight hours by a 0.5 N solution 
of sodium hydroxide. A 2 N solution killed 1.1%. A 0.5 N 
hydrochloric acid solution killed 1.3% while a 2 N solution 
killed 4.5%. 
E. acervulina sporulated well in 5% acetic acid, accord-
ing to Tyzzer, Theiler, and Jones (1932). 
I placed oocysts in fresh feces in a Petri dish and cov-
ered them with a shallow layer of acidic or basic solution at 
0 
room temperature (20- 26 C.) 
Days 
1 
2 
3 
5 
8 
10 
TABLE XXVI. 
Percentage sporulation of 
oocysts in 2% hydrochloric acid. 
% sporulated Control, %sporulated 
0 
8 
14 
48 
39 
55 
The procedure was repeated with 5% hydrochloric acid. 
TABLE XXVII. 
Percentage sporulation of 
oocysts in 5% hydrochloric acid. 
Days % sporulated Control, % sporulated 
l 0 
2 2 
3 11 
5 32 
8 54 
10 50 82 
The procedure was repeated with 5% acetic acid. 
Days 
1 
2 
3 
5 
8 
10 
TABLE XXVIII. 
Percentage sporulation of 
oocysts in 5% acetic acid. 
% sporulated Control, % sporulated 
0 
10 
66 
87 
8.5 
94 88 
80 
81 
The procedure was repeated with 2% sodium bicarbonate. 
Days 
1 
2 
3 
5 
8 
10 
TABLE XXIX. 
Percentage sporulation of 
oocysts in 2% sodium bicarbonate. 
% SEorulated Control, % sporulated 
0 
5 
6 
4 
2 
7 78 
The procedure was repeated with 5% sodium bicarbonate. 
Days 
1 
2 
3 
5 
8 
10 
TABLE XXX. 
Percentage sporulation of 
oocysts in 5% sodium bicarbonate. 
% sporulated 
0 
0 
0 
0 
0 
0 
Control, % sporulated 
92 
These tables show that E. labbeana oocysts can sporulate 
well in dilute hydrochloric and dilute acetic acid. Solutions 
of 2% and 5% hydrochloric a cid hindered sporulation only 
slightly and 5% acetic acid not at all. Even when as dilute 
as 2% sodium bicarbonate had more effect than an equal con-
centration of hydrochloric acid, and more ef fec t than 5% hydro-
chloric acid and 5% acetic acid. No sporulation occurred in 
5% sodium bicarbonate in ten days. 
Oocysts did not sporulate when placed in potassium di-
chromate after being in 5% sodium bicarbonate for ten days. 
The infective ability of oocysts that had been in acids 
and bases for ten days was tested by feeding them to coccidia-
free birds. Twenty-five birds were used. 
2% HCl 
+ 
+ 
+ 
+ 
+ 
TABLE XXXI. 
Infective abilities of oocysts kept 
in acidic and basic solutions ten days. 
Symbols (+) and (-) refer to presence or 
absence of infection, not degree of infection. 
5% HCl 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
The infective ability of oocysts that had been in 5% 
hydrochloric acid ten days was noticeably less than if they . 
had been in potassium dichromate. 
Although a relatively small percentage of oocysts sporu-
lated in 2% sodium bicarbonate, four out of five ten-day sam-
ples produced infections. Oocysts from 2% hydrochloric acid 
and 5% acetic acid also showed a high degree of infective 
ability. 
No infections were caused by oocysts that had been in 5% 
sodium bicarbonate ten days. Moreover, since they did not 
sporulate in potassium dichromate, they were considered dead . 
A dose of 22,000 oocysts that had been in 5% sodium bi-
carbonate five days was fed to a coccidia-free bird. No in-
fection resulted. Some of the same oocysts were placed in 
potassium dichromate but did not sporulate. The conclusion 
is that 5% sodium bicarbonate kills E. labbeana oocysts with-
in five days. 
It is of interest to note that E. labbeana is in an aci 
environment when in the alimentary tract lumen since, accord-
ing to Farner (1942), the pigeon digestive tract from crop t o 
rectum shows a low pH. 
5. Formalin. 
There is considerable disagreement among authors concern-
ing coccidian oocyst sporulation in formalin. 
Beach and Corl (1925) observed no sporulation of chicken 
oocysts in 4% and 5% formalin. 
Perard (1925) said that rabbit coccidian oocysts sporu-
lated in 5% formalin. 
Fish (l93lb) noted 40% mortality of E. tenella oocysts 
in forty-eight hours in 5% formalin. 
As mentioned previously, Hall (1936) used 1% formalin a s 
a culture medium for Isospora lacazei oocysts. 
Morini found that Eimeria labbeana oocysts sporulated in 
2.5% formalin. 
In the present study, oocysts were covered with a shal-
low layer of formalin in a Petri dish at 21 - 25°C. 
Days % 
l 
2 
3 
5 
8 
10 
TABLE XXXII. 
Percentage sporulation of 
oocysts in 1% formalin. 
SEorulated Control, % SEorulated 
0 
27 
64 
85 
86 
92 
Oocysts were also placed in solutions of 2% and 5% for-
malin for three and ten days. None sporulated. Further de-
velopment did not occur when these oocysts were transferred 
to potassium dichromate. 
Oocysts taken from 2% and 5% formalin after three and 
ten days caused no infections in coccidia-free pigeons. 
It appears that 1% formalin does make a suitable culture 
medium for oocysts of E. labbeana, at least for a short time. 
However, oocysts from 1% formalin, after twenty days, did not 
infect. Therefore, it does not seem to have the property of 
preventing bacterial growth without harming the oocysts for 
many months. In this respect potassium dichromate is far 
superior as a culture medium. 
6. Alcohols. 
Johnson (l923b) reported that long exposure to alcohol 
killed "Eimeria avium" oocysts. He did not say what strength 
alcohol was used or how long he exposed the oocysts. 
Nohmi (1931) found that 70% alcohol killed oocysts in 
eighteen hours. 
I placed oocysts in 50% and 70% ethyl alcohol. No com-
plete sporulation occurred in ten days, although the proto-
plasmic mass within some of the oocysts appeared to constrict 
and bud off a small portion of itself. However, oocysts given 
to birds after being three and ten days in the alcohols caused 
no infections. When these oocysts were placed in 2% potas-
sium dichromate, they did not sporulate further and did not 
infect three days later. 
There was no observable difference in appearance between 
oocysts left in 50% and those left in 70% alcohol. 
It appears from these results that 50% and 70% alcohols 
prevent sporulation of E. labbeana and kill the oocysts with-
in three days. 
c. Physical agents 
~. Temperature. 
So many experiments dealing with effect of temperature 
on coccidian oocysts have been conducted that not all of them 
can be mentioned here. 
Fantham (1910a) was one of the first to declare that l ow 
temperatures arrested development. He said that l0°C. stop-
ped sporulation. 
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P~rard (1924) noted that oocysts of E. perforans and E. 
stiedae were killed at 40°C. He found that high temperatur e s 
and desiccation, when combined, killed rapidly. 
Later (1925) P~rard found that oocysts of ~· stiedae 
would not sporulate at 38°C. in 1% chromic acid. However, E. 
perforans did. This fact led P~rard to reject t h e idea that 
mammalian oocysts could not sporulate while in the host be-
cause of the high temperature. I Perard also reported that 
oocysts could live over a year in temperatures between 0°C. 
and 38°C. provided the environment was humid. 
The optimal sporulation temperature for oocysts of E. 
0 perforans and ~· magna was set at 33 C. by Becker and Crouch 
(1931). At 36°C. some sporozoites of E. perforans formed 
but none of E. magna developed. 
Edgington and Broerman (1931) found that chicken coc-
cidian oocysts were still highly infective after being in po-
tassium dichromate at 3S-42°F. for two years. 
Fish (193lb) killed~· tenella oocysts at 45°C. in twen-
ty-four hours. Unsegmented and segmented oocysts were equal-
ly susceptible to heat in his several experiments. 
One type of test that has been tried several times in-
volves the exposure of oocysts to incubator conditions. 
Tyzzer, Theiler, and Jones (1932) showed that E. necatrix 
and ~· praecox could not live in an incubator. Warner (1933) 
reported the same for "chicken coccidia". Ellis (1936) found 
E. tenel1a oocysts not viable after being in an incubator one 
day. Herrick (1935), on the othe~ hand, said that E. tenella 
oocysts could survive incubation on egg shells as long as the 
humidity was high. Despite the supposition of early workers 
that coccidia might be carried on shells to the young birds 
when they hatched, only Herrick's work gave results that veri-
fied the hypothesis. 
Ellis (1936, 1938) showed that ~· tenella oocysts did 
0 0 
not sporulate after forty-eight hours at 4.4 C. and 37 C., 
but did after being returned to proper conditions. 
Chang (1937) demonstrated that seven species of Eimeria 
responded differently to heat, even when the laboratory con-
ditions were identical. 
According to Avery (1942), ~· debliecki and E. scabra 
0 
oocysts did not sporulate at temperatures ranging from -7 C. 
to 8°C. after twenty-six days. The cultures were returned to 
19°C. to 26°C. and some oocysts sporulated, although only a 
few of those that had been kept belov11' freezing all the time 
developed further. 
Dickinson (1947) found E. tenella oocysts viable up to 
781 days when kept in potassium dichromate at 3°C. 
In Edgar's (1954) tests, ~· tenella oocysts sporulated 
at 19°C. and 37°C., but not at 8°C. Some of the latter sur-
vived eight weeks. 0 A few oocysts developed at 41 C. in po-
tassium dichromate but were abnormal in appearance. A tem-
o perature of 29 C. was found to be optimal for sporulation. 
Sporulated oocysts were killed in twenty-four hours at 45°C. 
Oocysts at -12°C. were dead within seven days. 
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Working with sheep coccidian oocysts, Landers (1953) 
said that they were not killed by the winter cold in Laramie, 
0 
Wyoming. He found that prolonged exposure to -25 C. was not 
fatal to them. However, conditioning in slightly warmer tem-
peratures before exposure to extreme cold was an important 
factor in the oocysts' survival. 
Edgar (1955) advocated that a specific temperature be 
maintained during sporulation in the laboratory in order to 
determine such periods as minimum s porulation time. His work 
also showed conclusively that the only valid test of infec-
tive power of oocysts is actual introduction into suscepti-
ble hosts. Some oocysts appeared completely sporulated at 
early times, but were not able to infect. 
At least three investigators have tested the resistance 
of E. labbeana oocysts to temperature change. Bondois (1936) 
found that segmentation began at 38°C., but sporoblasts did 
not form. The oocysts were determined to be dead after ten 
0 
days since they did not sporulate when returned to 20 c. 
Bondois said that the optimal sporulation temperature was 
0 15-25 C. The earliest that any sporozoites appeared at any 
0 0 0 temperature was in five days at 25 C. At 15 C. and 20 C. 
they appeared on the sixth day. No segmentation occurred at 
0°C., but the oocysts remained viable at least ten days. 
In 1946 Chakravarty and Kar saw no E. labbeana sporula-
tion at 37°C. and 4°C. in twenty-four hours or longer. The y 
reported 100% sporulation in ninety-six hours at 22.2°C. and 
66% at 28.9-35.5°C. Oocysts that had been at 37°C. for fo rt y-
eight hours did not sporulate when returned to room tempera-
ture. Those from 4°C. up to 144 hours did, although 168 hour 
samples did not sporulate. 
Morini (1950) said that the optimal temperature for spor-
ulation of ~· labbeana oocysts was 22-25°C. Higher tempera-
tures produced abnormal sporocysts. 
In the present study I exposed oocysts in 2% potassium 
dichromate to various temperatures and checked for sporula-
tion and infective ability. 
Fresh oocysts in feces were placed in a refrigerator at 
0°to 2.5°C. for 5, 10, 15, 20, 30, and 60 days. 
0 
were maintained at 20-25 C. 
Controls 
No sporulation occurred at any time in the refrigerator, 
although the control showed 85% sporulation. 
Oocysts from each of the six test samples and the con-
trol were .fed to pigeons. Only the control oocysts caused 
infection. 
The oocysts that had been cooled were then returned to 
0 
room temperature (20-25 C.) and checked for segmentation. 
0 0 The first sample of oocysts that had been at 0 -2.5 C. 
for thirty days did not sporulate when returned to room tem-
perature. \~en the test was repeated, the results of Table 
XXXIII were recorded . 
Sixty-day sample s were tested four more times viith only 
negative sporulation results. 
90 
None of the five sixty-day samples caused infect i ons i n 
coccidia-free birds after being in 2% potassium dichromate 
three days. 
TABLE XXXI II. 
Percentage sporulation of oocysts at room 
tempsrature (20-25°C.) after being refri gerated 
at 0 C. to 2.5°C. for varying lengths of time. 
% sporulated 
Days at room 5 day 10 day 15 day 20 day JO day 60 day 
tem12erature sam2le sam:ele sam:ele sam:ele sam:ele sam:Ele 
1 20 25 16 0 6 0 
2 51 77 JO 80 42 0 
J 78 88 60 91 85 0 
5 81 86 71 85 94 0 
8 75 92 68 89 90 0 
10 84 90 75 82 86 0 
The procedure was repeated, except that the oocysts were 
at J°C. to 4°C. for longer periods of time only (not f i ve, 
ten, and fifteen days). Control oocysts were kept at 20°-
250C. 
The results of Tables XXXI II and XXXIV show that temper-
atures of 0°C. to 4°C. completely prevent sporulation but do 
not kill oocysts quickly. Oocysts were all killed within 
sixty days at 0°C. to 2.5°C. Some oocysts were still alive 
after sixty days at J°C. to 4°C., although sporulation after 
return to room temperature was reduced somewhat. 
TABLE XXXIV. 
Percentage sporulation of oocysts in room 
temgerature (20-25°C.) after refrigeration at 
3 C. to 4°C. for varying lengths of time. 
Days at room 
temperature 
1 
2 
3 
5 
8 
10 
20 day 
sample 
22 
60 
78 
84 
80 
86 
30 day 
sample 
18 
68 
72 
78 
82 
83 
50 day 
sample 
9 
21 
46 
36 
48 
40 
60 day 
sample 
2 
16 
31 
41 
40 
45 
91 
The report of Chakravarty and Kar (1946) that after 
seven days at 4°C. no E. labbeana oocysts sporulated in twen-
ty-four hours at room temperature was not corroborated. 
As mentioned previously, room temperatures of from 20°C. 
to 26°C. were favorable for sporulation. Sporozoites appeared 
within forty-eight hours at 20°C. and at 26°C. Percentage 
sporulation was as high at 20°C. as at 26°c. 
No sporulation under optimal temperature conditions ever 
occurred in twenty-four hours. 
It was decided to test the sporulation of oooysts at 
higher temperatures. Fresh oocysts in feces were placed in 
Petri dishes, covered with potassium dichromate, and exposed 
0 0 0 0 oO to temperatures of 30 C., 32 C., 35 C., 37 C., 3o C., and 
0 0 Controls were at 20 -26 C. 
Days 
l 
2 
3 
5 $ 
10 
Days 
l 
2 
3 
5 $ 
10 
Days 
1 
2 
3 
5 $ 
10 
92 
TABLE XXXV. 
+ 0 Percentage sporulation of oocysts at 30-0.5 C. 
% 
Sample I 
% 
Sample II 
sporulated sporulated Control, % sporulated 
0 0 
21 45 
46 59 67 
56 63 
5$ 54 
52 61 90 
TABLE XXXVI. 
Percentage sporulation of oocysts at 32±0.5°C. 
Sample I 
% 
Sample II 
% sporulated sporulated Control, % sporulated 
0 0 
22 34 
35 31 $0 
30 41 
31 38 
38 39 
TABLE XXXVII. 
Percentage sporulation of oocysts + 0 at 35-0.? C. 
Sample I Sample II Sample III Sample IV Sample V % sporu- % sporu- % sporula- % sporu- % sporu-
lation lation tion lation lation 
0 0 0 0 0 
0 0 0 0 0 
0 2 0 0 0 
0 0 0 1 0 
0 0 0 0 0 
0 0 0 0 0 
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Of the five samples exposed to 35°C., only two showed 
any sporulated forms. One had two sporulated oocysts at 
three days, the other showed one segmented oocyst after five 
days. When 20,000 oocysts from these samples at these times 
were given to coccidia-free pigeons, no infections resulted. 
0 As early as ninety-six hours after exposure to 35 C. 
the protoplasm of some oocysts was apparently breaking down. 
The protoplasmic mass lost its oval shape and became more 
vacuolated. To test viability of oocysts at this tempera-
o ture, I took oocysts from 35 C. at two, three, and four days 
and placed them at room temperature. None sporulated after 
. 0 be1ng at 35 C. three and four days, although left at room 
temperature for ten days. In the two-day sample, 2S% sporu-
lated in ten days. The three and four-day samples caused no 
infections in susceptible pigeons after ten days at room t em-
perature, although the two-day sample did. 
0 0 0 Percentage sporulation at 37 C., 38 C., and 40 C. was 
checked. None occurred in ten days, and no infections could 
be produced. There was no sporulation at room temperature 
in ten days after being at the higher temperatures two days . 
In order to determine whether oocysts on eggs incubated 
by the parents would survive I poured an aqueous suspension 
of fresh oocysts onto the ends of the shells of two eggs t hat 
were being cared for by the adult birds. The eggs were al-
lowed to dry somewhat and then returned to the nest. After 
ten days a few oocysts were recovered by brushing them into 
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a 2% solution of potassium dichromate. They were so distor-
ted that the extent of sporulation (if any) that had taken 
place could not be ascertained. None caused infections i n 
coccidia-free pigeons, either when g iven fresh or after be-
ing in the culture medium four days. 
I attempted to check oocysts at the end of the incuba-
tion period (17-18 days), but none could be recovered. It 
is assumed that all were rubbed off when the parents moved 
the eggs in the nest~ 
The results of all these temperature tests s how that E. 
labbeana oocysts cannot sporulate at temperatures as high as 
some that are suitable for other species of Eimeria. At 
0 . 35 C. almost no sporulat~on occurred, and none was seen at 
37°, 38°, and 40°C. A temperature as low as 35°C. apparently 
killed all oocysts within a period of between two and three 
days. 
The lack of resistance to even moderately high tempera-
ture would by itself, even if other factors were not involved, 
prevent sporulation inside the host, since the pigeon's tem-
perature is about 40°C. (Sturkie 1954). According to Levi 
(1951) even although the pigeon's temperature may vary as 
0 0 0 
much as 4 F. it does not normally go below 105 F. ( 40. 5 C.) . 
On the other hand, ~· labbeana oocysts are apparently 
very resistant to temperatures a few degrees above freezi ng 
and moderately resistant to temperatures from freezing to 
just above, although no sporulation takes place at t hese 
temperatures. 
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2. Desiccation. 
Fantham (1910a) reported that coccidian oocysts from 
grouse in the bird's droppings developed rapidly on the sur-
face when left to dry. He evidently discounted the possi-
bility of oocysts being killed quickly by drying, since he 
thought that wind was probably a principal agent of their 
dispersal. 
Johnson (1923a) noted that some oocysts collapsed in 
dryness at room temperature in twenty-four hours and did not 
sporulate. He said that "after days of drying" some sporu-
lated when moisture was added. 
In 1924 Perard found that desiccation destroyed rabbit 
coccidian oocysts more rapidly at higher temperatures. When 
dried, oocysts died in three days at 16°-le0 c., in one day at 
25°C., in twelve hours at 30°C., and in six hours at 3e0 c. 
Oocysts of chicken coccidia, presumably E. tenella, 
sporulated when Beach and Corl (1925) moistened them after 
they had dried at room temperature for twenty-four hours. 
They did not segment after being dried forty-eight hours,. al-
though the authors claimed that oocysts examined microscopi-
cally appeared to be uninjured after fifty-nine days of dry-
ing. 
Bondois (1936) reported that oocysts of E. labbeana were 
0 killed by drying within forty-eight hours at 20 C. 
Brotherston (194g) found that oocysts of ~· tenella spor-
ulated in as low as 60% relative humidity and infected chick-
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ens although the oocyst envelopes were broken and some spore-
cysts released. 
In the present investigation, samples of fresh feces con-
taining oocysts were placed on filter paper in Petri dishes 
at 19°-22°C. The dishes were left uncovered, and the feces 
were spread to prevent retention of moisture. Relative hu-
midity in the room varied from 31% to 46%. 
Percentage sporulation counts were attempted but proved 
impossible, as the oocysts collapsed in two or three days, 
making any internal detail difficult to see. Viability and 
sporulation, therefore, had to be tested by giving oocysts 
to susceptible pigeons. Twenty birds were used. 
In all cases control samples in potassium dichromate 
sporulated as usual. 
TABLE XXXVIII. 
Ability of dried oocysts to infect. 
Symbols (+) and (-) denote presence or 
lack of infection, not degree of infection. 
2 day sample 3 day sample 4 day sample 5 day sample 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table XXXVIII shows that oocysts have sporulated, are 
still viable, and are capable of infecting after being dried 
at room temperature for three days, but not after four days. 
97 
To test the viability of oocysts dried for four days, 
five samples were placed in potassium dichromate. After re-
maining in the culture medium they were given to five birds. 
None became infected. The conclusion that may be drawn is 
-that all were dead after four days of drying. 
3. Light. 
P~rard (1925) said that oocysts sporulated equally wel l 
in light and dark. 
In 1934 Becker reported the same result. 
I placed oocysts of E. labbeana collected at one time 
in three Petri dishes and covered them with a shallow layer 
of 2% potass~um dichromate. One sample was placed under a 
box in darkness. Another was left uncovered, and the room 
lights were left on for five nights during the test. The 
third dish was in darkness at night only. 
Day 
1 
2 
3 
4 
5 
% 
TABLE XXXIX. 
Effect of light on sporulation of oocysts. 
sporulation % sporulation % sporulation 
in light in dark in light and dark 
0 0 0 
51 46 43 
78 81 72 
91 85 84 
83 92 85 
No significant differences in percentage sporulation or 
sporulation time appeared as a result of different amounts of 
light received. 
D. Anaerobic sporulation 
Metzner (1903) stated that preventing access of oocysts 
to air or keeping them in carbon dioxide delayed sporulation. 
Perard (1925) believed that air was necessary for sporu-
lation because it prevented anaerobic bacterial growth from 
hindering oocyst development. 
Young (1929) said that apparently segmentation did not 
begin until after oocysts were exposed to air. 
Becker (1934) reiterated that oxygen was necessary, but 
I . 
felt that Perard's theory had no evidence to support it. 
Goodrich (1944) on the other hand felt that oxygen was 
not necessary for sporulation. 
Numerous authors have mentioned that in culturing oocysts 
the culture medium should not be covered so that air can en-
ter and allow sporulation to occur. As far as is known, un-
til the present work no one has actually investigated sporu-
lation without oxygen. 
A Gradwohl Anaerobe Jar was used. Oocysts in each sam-
ple were placed in a 30 cc. test tube and covered with a 
shallow layer of 2% potassium dichromate. The tube was 
placed in the Gradwohl Jar, and the jar was closed. Gas was 
added for fifteen minutes, and the jar was then sealed. Five 
samples of oocysts were used at different times and kept in 
the Gradwohl Jar for periods of 3, 5, 10, 15, and 30 days. 
Percentage sporulation was checked immediately after the 
oocysts were removed. 
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Controls were placed in the same size tubes that were 
used for the test samples and were covered with l ike amounts 
of potassium dichromate. 
Sample 
number 
1 
2 
3 
4 
5 
TABLE :XXXX. 
Percentage sporulation of 
oocysts under anaerobic conditions. 
... Control, 
Days % sporulated % sporulated 
3 9 77 
5 13 90 
10 24 88 
15 20 89 
30 14 81 
After being removed from the Gradwohl Jar, each sample 
was checked almost daily for percentage sporulation for a 
period of ten days. 
TABLE XXXXI. 
Percentage sporulation of 
oocysts after return to air. 
Days after % sporulated 
removal from 
Gradwohl Jar Sample 1 Sample 2 Sample 3 Sample 4 Sample 
1 41 24 52 45 16 
2 63 74 43 60 10 
3 86 81 54 67 18 
4 78 86 50 59 18 
5 82 82 56 54 24 
8 80 89 45 58 21 
10 73 84 51 62 17 
2 
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Table XXXX indicates that oocysts do not sporulate as 
well without oxygen, although some segmentation does take 
place. 
Table XXXXI shows that the longer oocysts were in the 
Gradwohl Jar the fewer of them sporulated when returned to 
air. 
Although very few if any oocysts sporulated in air 
after having been without oxygen for thirty days, they were 
shown to be still alive, since they infected a pigeon. 
Short periods of three and five days without oxygen did 
not affect the ability of oocysts to sporulate after return 
to air. After ten and fifteen days in the Gradwohl Jar and 
return to air, some oocysts segmented, although the percen-
tage of sporulation was less than in the control. 
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VII. EXCYSTATION OF THE OOCYST 
A. In vivo excystation 
Excystation of coccidian oocysts in vivo has been rarely 
observed, but a few references to it may be found. Krijgsman 
(1926) reported that sporozoites were liberated in vivo in 
from one to two hours after ingestion by the host. 
Andrews (1930) found free sporozoites in the intestines 
of rats sixty minutes after feeding sporulated oocysts to 
them. He had deprived the rats of food and water for twenty-
four hours before infecting them with oocysts in milk. His 
method was equally successful with coccidia of cats, dogs, 
guinea-pigs, pigs, and prairie dogs. 
In 1937 Pratt reported seeing spores and sporozoites of 
E. tenella in the crops of chickens. He said that in some 
experiments excystation in the crop took as short a time as 
five minutes. Oocysts introduced into the intestine by hypo-
dermic needle excysted in twenty minutes. 
Pratt also found that spores were regularly freed from 
the oocysts before the sporozoites escaped from them, and live 
spores were seen going through the oocyst wall. No sporo-
zoites freed from spores were ever seen free in an unruptured 
oocyst. 
When P. P. Levine (1942c) ligated the pancreatic ducts 
of chickens, he could not infect them with sporulated oocysts 
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of six species of chicken coccidia. Merozoites, however, di d 
cause infection. His conclusion was that pancreatic juice 
was necessary for excystation of chicken coccidian oocysts. 
Levine's explanation for Pratt's finding spores in the 
crop was that either there had been some regurgitation or 
t he spores had been released by mechanical pressure. 
Becker (1948} made the statement, without elaborating on 
it, that t he excystation process was facilitated by the bird' s 
body temperature and the action of digestive juices. 
Monne and Hennig (1955) theorized that a chemical agent 
might be produced by the sporozoites to pierce the shell and 
release themselves. As far as is known there is no evidence 
of this. 
I fed a twenty-eight day old pigeon 900,000 sporulated 
oocysts, after depriving it of food and water sixteen hours. 
One and one-half hours later the pigeon was killed and the 
alimentary tract removed. Smears were made from locations 
along the length of it from the crop to the lower part of 
the small intestine. 
No oocysts were found in the crop or proventriculus. A 
few intact oocysts and two broken open with the spores miss-
ing were seen in a smear from the gizzard. Approximately an 
equal number of intact and opened oocysts were obtained from 
the upper small intestine. 
A few sporocysts with sporozoites still inside were also 
seen. 
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From these observations it appears that oocysts may re-
lease their sporocysts without the action of pancreatic juice. 
Sporocysts apparently leave the oocysts before the sporo-
zoites are freed. 
B. In vitro excystation 
A number of investigators have reported successful in 
vitro excystation of oocysts. As early as 1900 Schaudinn 
described liberation of sporozoites of E. schubergi in the 
fresh intestinal juices of the centipede Lithobius forficatus. 
Metzner (1903) found that pancreatic juice of the rab-
bit and dog freed ~· stiedae sporozoites in from two to six 
hours. Gastric juice did not. 
Krijgsman (1926) noted, as others had previously, that 
sporozoites were freed in from seven to ten hours when duo-
denal juices or slightly alkaline trypsin or pancreatin were 
used. He ascertained that oocysts of E. stiedae excysted in 
vitro at 37°C. in eight to ten hours when placed in slightly 
alkaline trypsin or pancreatin. Preliminary treatment of 
one-half hour with pepsin solution made up with 0.5% hydro-
chloric acid reduced the time to two and one-half to six and 
one-half hours. He thought that, in the host, digestion of 
the oocyst wall began in the stomach and was completed in t he 
intestine. He found that unsporulated oocysts were not sus-
ceptible to enzyme digestion; 
Working with E. stiedae, Smetana (1933) obtained excys-
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tation in 5% trypsin at 37°C. in from one to seven hours (usu-
ally five to seven hours). Exposure to gastric digestion 
first did not influence the process. He agreed with Krijgsman 
that unsporulated oocysts did not seem to be acted upon and 
said that such was the case only because the sporozoites had 
to be fully developed to escape by their own movements through 
the digested micropyle. In other words, he felt that the ac-
tion of trypsin was solely on the micropyle and that sporo-
zoites actively passed through it to effect excystation. 
Smetana further noted that excystation would not occur 
at room temperature. The optimal pH for excystation was seven 
to eight. 
Pratt (1937), whose work with in vivo excystation was re-
viewed previously, had no success with in vitro tests on E. 
tenella. He tried pancreatin, bile, crop fluids and duodenal 
fluids. He added chicken bile or 0.5% sodium carbonate to an 
aqueous solution of pancreatin to attain "the alkalinity nor-
mally found in the duodenum of the chickenn. He was actually 
attempting the impossible by adding chicken bile, since avian 
bile is acid, unlike that of mammals (Sturkie 1954). Fur-
thermore, the duodenum of a chicken is acid, not alkaline , as 
has been determined by a number of investigators . Sturkie. 
1954). 
Goodrich (1944) presented an entirely new theory con-
cerning excystation as a result of completing several experi -
ments with oocysts of chicken and rabbit coccidia . A variety 
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of solutions were tried successfully, although generally 5% 
trypsin made slightly alkaline with 2% sodium bicarbonate 
was used . Goodr ich's theory was that the double oocyst wall 
had to be fractured before a fennent could act, and its ac-
tion was on the sporocyst wall only. Neither pepsin nor 
trypsin affected the ectocyst or endocyst, although trypsin 
opened free spores while pepsin did not. 
Goodrich disputed Smetana's (1933) belief that the micro-
pyle was digested, and said that instead the spores or sporo-
zoites left through the fractured part of the oocyst wall. 
The fracturing was thoughtto occur during ingestion. 
In the present study the effects of slightly alkaline 
trypsin and neutral trypsin on E. labbeana oocysts were tes-
ted in 5% aqueous solution. 
A heavy concentration of sporulated oocysts was divided 
between two Petri dishes, covered with neutral and alkaline 
trypsin (with 2% sodium bicarbonate added), and placed in an 
oven at 37°C. Samples were removed periodically and checked 
up to twelve hours. No excystation took place i n either 
neutral or alkaline trypsin. 
This negative result appears to corroborate Goodrich's 
(1944) belief that no excystation occurs without prior frac-
ture of the oocyst wall. However, I was not able to obtain 
a release of the sporozoites of E. labbeana from the sporo-
cysts, even after fr~cturing the oocyst wall with slight pres-
sure on t he cover glass. Although sporocysts were released 
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from their oocysts in this way and came in contact with tryp-
sin, none opened and freed their sporozoites, even though 
kept at 37°C. for as long as one hour. 
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VIII. RESISTANCE AND IMMUNITY TO COCCIDIAN I NFECTION 
A. Review of the literature 
Thirty-two years after Theobald Smith and F. L. Kilbourne 
first demonstrated the existence of acquired immunity to ani -
mal parasites, Beach and Corl in 1925 administered large dos e s 
of sporulated oocysts to some chicks that had survived a pr e-
vious attack of coccidiosis and found that none died, where-
as 34% of control chicks did. Thi s result convinced them 
that acquired immunity to chicken coccidiosis was possible. 
Some early workers doubted the possibility of acquired 
immunity to coccidiosis. Crawley (1912) in a U.S. Department 
of Agriculture Circular (194) sai d that apparently no immu-
nity to coccidiosis was produced and that more attacks re-
sult from fresh infections from without. Young (1929) agreed 
that immunity did not seem to be developed by experimental 
inoculation of oocysts. 
A large number of papers have been published containing 
results of coccidian immunity and resistance tests. Nearly 
all of them concern chicken coccidia. 
The name of Tyzzer stands out among all those who worked 
with coccidia in the late twenties and early thirties. In 
1928 and 1932 he described the use of cross-immunity tests 
in helping to obtain pure samples of and to differentiate 
coccidian species. In 1929 he made the observation that im-
munity was slow to appear in those infections that involved 
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intestinal epithelium only. There was better protection when 
Eimeria penetrated deeply. 
In 1932 Tyzzer, Theiler, and Jones used cross-immunity 
tests as an aid in separating E. tenella and E. necatrix. 
In one of the earliest histological studies of immunity to 
coccidia, the authors found that in birds immunized against 
~· necatrix newly introduced sporozoites entered the host 
cells but generally did not grow. The nuclei and protoplasm 
of host cells failed to enlarge to~ommodate the parasites 
as they did in susceptible hosts. No evidence was obtained 
of humoral response to either species. Young chi cks were 
found to show a lower intensity of E. necatrix infection than 
older ones. Finally, the authors suggested that raising 
chickens in the absence of small numbers of coccidia should 
not be attempted, since repeated light infections build up 
immunity and result in constant protection which is desirable . 
Another early worker with coccidia, Johnson (1927), 
showed that daily inoculations of 2000 or fewer sporulated 
oocysts into chickens gave better immunity than large numbers 
at greater intervals. Two fowls were still highly immune at 
least six and one-half months after their final inoculation. 
Bachman (1930a), in one of the few studies on other than 
chicken coccidia, demonstrated strongly positive complement-
fixation tests in six of nineteen rabbits infected with E. 
stiedae and E. perforans. In artificially immunized rabbits, 
precipitins in high concentration were demonstrated. In a 
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second paper (1930b) Bachman found no cross-immunity between 
the two rabbit coccidia. 
Johnson (1932) suggested the possibility of feeding 
sporulated oocysts in wet mash to chickens, in order to pro-
tect them by buil ding up immunity. 
Becker, in 1934 and later in 1948, co~~ented on the con-
cept of age resistance. He believed that younger birds gen-
eral ly show more severe infections because they have not be-
come immunized. Older birds frequently are immune because 
of previous infections, not because of their age. Becker 
also said that latent infections are present in most domesti -
cated animals, with the exception of the horse. 
Jankiewicz and Scofield (1934) immunized chickens to E. 
tenella by feeding them heated oocysts. More could be given 
after heating without danger of hemorrhage or death. The 
authors said that it is generally agreed that immunity to 
coccidiosis is "local, cellular, and specific". 
Mayhew (1934) doubted the possibility of age resistance. 
He demonstrated typical cases of coccidiosis in birds up to 
forty weeks old. He felt that developing immunit y by re-
peated infection offered lit t le promise as a practical means · 
of protection. 
Herrick (1934) showed that first generation chickens 
from res i stant parents were much more resistant to E. tenell a 
than chickens from unselected parents. 
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As a result of experiments with E. miyairii, an agent 
of murine coccidiosis, Becker (1935) believed that immunity 
to coccidiosis was not a generalized response on the host's 
part but rather that host epithelial cells prevented para-
sites' entrance or provided an unfavorable environment for 
any that did penetrate. 
Bondois (1936) noted that pigeons were often chronical-
ly infected with E. labbeana and were thus protected against 
massive reinfective doses of sporulated oocysts. 
Herrick and Ott (1936a) added fuel to the "age resis-
tancen argument by stating that older chickens showed much 
less mortality necause of coccidosis than did younger ones. 
Working with Isospora, Boughton (1937a) reported that i n -
fections could be readily superimposed upon existing chroni c 
ones by giving new infective material. If this is true, it 
would seem that this parasitic infection does not result in 
any immunity. 
Morehouse (1938) did a careful histological study of im-
munity to the rat coccidium, E. nieschulzi. He found that 
epithelial cells of immunized rats prevented sporozoites from 
entering, rather than providing them with an unfavorable en -
vironment after entry. 
Rosenberg (1941) added evidence of hereditary resistanc e 
to E. tenella in chickens. 
Dickinson (1941) demonstrated the completeness of immun-
ity to E. acervulina in chickens. He fed 25,000,000 oocysts 
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to chickens seventy days after a first inoculation and ob-
served no noticeable effect on the birds. 
Papers dealing with immunity to chicken coccidiosis h ave 
been so numerous from the 1940's up to the present time that 
they cannot be reviewed here, although a fe~'l of the more s i g-
nificant ones may be listed. Among these are works by 
Jankiewicz (1942), Farr (1943~ Wickware (1947), Horton-Smith 
(1949), Dickinson, Babcock, and Osebold (1951), Uricchio 
(1953), and Babcock and Dickinson (1954). These publications 
showed conclusively that immunity to chicken coccidiosis can 
be easily obtained and retained for months by giving the birds 
a number of small doses of sporulated oocysts. Level of im-
munity from a single dose varies directly with the dose si ze. 
Experiments by Gordeuk, Bressler, and Glantz (1950), 
Brackett and Bliznick (1952), and Gardiner (1955) tested re-
sistance to coccidiosis of very young chicks. Gordeuk, 
Bressler, and Glantz found one to two week old chicks most 
susceptible to cecal coccidiosis, whereas Gardiner reported 
them least resistant at four weeks of age. Gardiner also 
said chicks were more resistant at two weeks than at any othe r 
period in their first six weeks. Brackett and Bliznick made 
the interesting discovery that if numbers of E. necatrix co-
cysts relative to body weight were fed to chickens, older 
birds showed more severe cases. If equal numbers of oocysts 
were given to chickens of different ages, the younger ones 
were more severely infected. 
112 
Brackett (1953), Hall and Wehr (1953), and others have 
described what is probably the most frequently used modern 
method of inducing and maintaining immunity to coccidiosis 
in chickens. Low levels of anti-coccidiandrugs are fed in 
their mash, thus allowing the birds to aquire a very mild 
form of the disease and develop immunity to it. High levels 
of drugs are not used since they would suppress the para-
sites entirely, and if they were withdrawn would leave the 
birds susceptible to subsequent invasion of sporozoites. 
Champion (1954) and Rosenberg, Alicata, and Palafox 
(1954) added further evidence of genetic resistance to cecal 
coccidiosis to that of other authors. 
'Gill (1955) found that hyperthyroid chicks tolerated ce-
cal coccidiosis better than hypothyroid ones. 
Among relatively recent observations on mammalian res i s-
tance to coccidiosis are those of Dunlap, Hawkins, and Nelson 
(1949) and Davis, Boughton, and Bo\~an (1955). In the form er 
paper, resistance of older sheep to coccidiosis was demon-
strated. In the second work it was pointed out that cattle 
might be infected several times with E. alabamensis. 
In his book, "Immunity Against Animal Parasites", 
Culbertson (1941) s aid, "True immunity in coccidiosis is of 
such extraordinarily brief duration, hov-,rever, t hat more or 
less constant reinfection is requi red to prolong the immune 
state". 
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He also mentioned that the superimposition of coccidian 
infection general ly fails. A small amount of antibody usu-
ally appears in the host's serum but probably plays a minor 
role, if any, in immunity of recovered animals to reinfection. 
The reticulo-endothelial system, he felt, is of little sig-
nificance in immunity. Immunity seems to be local, with t he 
epithelial cells of the intestine or bile duct involved. In 
some cases the cells seem to prevent parasite entrance, while 
others permit penetration but do not allow development of t he 
coccidia that enter. Culbertson thought that these two con-
diti ons may someti~es supplement each other. 
B. Resistance and immunity tests with E. labbeana 
1. Age of host as a factor. 
Apparently many experiments dealing with age resistance 
to coccidia were conducted without sufficient knowledge of 
the past history of the birds with regard to possible pre-
vious infection. However, enough tests have been carefully 
carried out to indicate that age resistance does exist, al-
though it is not well understood. 
In the present study, birds were infected for the first 
time with comparable doses (approximately 30,000) of sporu-
lated oocysts at ages varying from two days to eight months. 
Although there was individual variation of severity of infec-
tion, as shown by the numbers of oocysts passed in the feces, 
there appeared to be evidence of a slight degree of age re-
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sistance. Although the youngest bird infected (two days old ) 
exhibited only a very slightly greater degree of infection 
than the oldest (eight months old), there seemed to be a 
tendency for birds over three months of age to pass fewer 
oocysts. Only two of the six birds infected when over three 
months old showed heavy infections, whereas of forty-five 
birds given approximately the same number of oocysts when 
younger, thirty-six, or 80%, showed heavy infections. 
Of the four birds that showed any weight loss, three 
.were ten, twelve, and fifteen days old, while the other was 
two months old. However, since these birds are a small frac-
tion of all those infected, these results can not be consid-
ered significant. 
Attempts to find any significance in degree of infection 
among birds of one to eight weeks of age gave no consistent 
results. Some birds given oocysts at two months of age showed 
no more heavy infections than those infected when one week 
old. 
2. Previous infection as a factor. 
Thirty-two birds were given multiple infections (more 
than two) with E. labbeana. Five of them had more than five 
infections each. Two were given eighteen and twenty infec-
tions. 
It was found that if a period of at least thirty days 
was allowed between the time that a bird had ceased liberat-
ing oocysts from a previous infection and the time that a 
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new infection was given, a moderate or heavy infection could 
be produced nearly always, regardless of how severe the pre-
vious infection had been and, up to a point, regardless of 
the number of previous infections. The exception to this 
appeared in the cases of the two birds that were given large 
numbers of infections. They showed only light or moderate 
short-term infections after they had had ten previous in-
fections, regardless of how large an infective dose was given . 
It appears that number of infections rather than age was i n-
volved in t his resistance to heavy infection, since birds · 
that were as old but had had fewer infections could easily 
be given heavy infections with comparable sizes of infective 
doses. 
If a period shorter than thirty days was allowed betwe en 
end of patent period and administration of more oocysts, t he 
results varied. Sometimes infections occurred and sometimes 
t hey did not, although control birds were infected in every 
case. When fi fteen birds that had been parasite- f r ee from 
one to ten days were given sporulated oocysts, eleven, or 
73.3%, became infected. In twenty-three cases of birds t hat 
had been coccidia-free eleven to twenty days, twenty-one, or 
91.3%, became infected. Of the latter number, two, or 9.5%, 
showed heavy infections, while in the first group none became 
heavily infected. 
No.of 
birds 
15 
23 
TABLE XXXXII. 
Number and degree of infections 
produced shortly after previous ones. 
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Time (days) 
since end of 
previous 
infection 
Number of 
infections 
% infections % degree of infection 
resulting Light-Moderate-Heavy 
1-10 
11-20 
11 
21 
73.3 
91.3 
54.6 
38.1 
45.4 
52.4 
Table XXXXII indicates that pigeons acquire a slight de-
gree of immunity to E. labbeana infection. The i mmunity is 
of short duration and far from complete, since less than ten 
days after a previous infection had terminated, a new one 
could usually be given successfully. However, infections aq-
Uired very shortly after previous ones tend to be less severe 
than those acquired later. 
It was attempted to infect birds while they were still 
giving off a few oocysts near the end of a heavy infection. 
Of twenty tests, ten resulted in infections. 
It appears that although an infection can sometimes be 
superimposed near the end of another one, the second infec-
tion is generally light and never heavy. Of the ten infec-
tions that appeared, seven were light while three were mod-
erate. 
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TABLE XXXXIII ... 
Superimposition of infections. 
Oocyst count at Number of 
Bird time when new sporulated 
number dose administered oocysts given Result 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
+ , few 20,000 Negative 
+ , few 22,000 Negative 
+ 30,000 Negative 
+ ' 
few 21,000 Moderate infection 
+ 25,000 Negative 
+ 20,000 Light infection 
+ ,. few 20,000 Negative 
+ , .few 28,000 Moderate infection 
+ 20,000 Negative 
+ , few 20,000 Light infection 
+ ' 
few 18,000 Light infection 
+ , few 21,000 Light infection 
+ 25,000 Negative 
+ 22,000 Negative 
+ ' 
.few 23,000 Moderate infection 
+ , few 16,000 Light infection 
+ 20,000 Negative 
+ ' 
few 12,000 Negative 
+ ' 
few 23,000 Light infection 
+ , few 20,000 Light infection 
3. Effects of multiple infecting doses of sporulated 
oocysts, as opposed to single inocula. 
Three or more doses of sporulated oocysts were admin-
istered to coccidia-free and previously uninfected pigeons 
on consecutive days. The length of the prepatent and patent 
periods as well as the severity of infection were checked, 
when the infections resulted. 
Bird #l was given three doses of 25,000 spor ulated oo-
cysts each on consecutive days. The prepatent period was 
six days from the time of the initial dose. The infection 
was heavy, with the greatest number of oocysts liberated on 
llS 
the ninth day after the first inocul um was given. The patent 
period was eighteen days. No weight was lost. 
Bird #2 was fed four doses of 25,000 sporulated oocysts 
each on consecutive days. Prepatent period was seven days 
from the time of the first dose and the infection was heavy. 
The greatest number of oocysts was liberated ten and eleven 
days after the first dose. The patent period was twenty-
four days. No weight was lost. 
Bird #3 received five doses of 25,000 sporulated oocysts 
each on consecutive days. The prepatent period was six days 
from the time of the first dose. The infection was heavy 
with the largest number of oocysts given off on the ninth 
day after the first inoculation. The patent per iod was twen-
t y-one days . No weight was lost. 
The courses of these infections indicate that multiple 
doses of oocysts given at twenty-four hour intervals have no 
effect on the infection that has been init i ated by the f i rst 
dose. The prepatent time was the one that would have been 
expect ed t o follow the first inoculation. There was no con-
sistent increase in numbers of oocysts in the feces at the 
ends of periods that would correspond to the prepatent per-
iods for subsequent doses. The patent period was not longer 
than is usual with infections caused by single doses and nei-
ther was any of the three infections more severe than usual. 
No one of the three infections was noticeably more severe 
than the other two. All these result s lead to the conclusion 
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that in its initial stages an infection brought about by a 
single dose of sporulated oocysts is not influenced by sub-
sequent doses. Expressed another way, infections cannot be 
superimposed upon others when the latter are in their early 
stages. 
IX. HOST SPECIFICITY OF COCCIDIA, 
WITH PARTICULAR REFERENCE TO E. LABBEANA 
A. Review of the literature 
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It is widely agreed that sporozoans, both of the blood 
and the intestinal tract, have a very limited host range. 
According to Culbertson (1941), Eimerian species almost all 
infect only a single host, and this applies to those found 
in both mammals and birds. When more than one host is sus-
ceptible, the hosts are generally very closely related. 
Despite Culbertson's statements, there are a great many 
references to interspecific cross-infections, including some 
between animals not very closely related. Tyzzer (1929) and 
Becker (1934, 1948) were skeptical of most claims of inter-
specific cross-infection, such as that of Uhlhorn(l926), who 
reported inoculating ducks . successfully with rabbit coccidia--
a result not validated by others. Becker (1948) said that he 
knew of no proved instances of cross-infections between mam-
mals and birds. 
In 1929 Tyzzer cautioned investigators to be careful 
about reporting or accepting reports of transmission of coc-
cidia between unrelated hosts. However, he showed that E. 
dispersa could be successfully transferred from quail to 
chickens and turkeys. 
Hawkins (1952) was able to infect Hungarian partridges 
and quail with E. dispersa from turkeys, but could not infect 
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chickens or pheasants. These results and those of Tyzzer 
show that ~· dispersa is probably a coccidium that is not 
host specific, since it was readily transferred between tur-
key and quail by both authors. 
N. D. Levine (1953) constructed a table summarizing 
cross-infection experiments with Eimeria in Galliformes. 
Many more results were negative than positive, and most of 
the positive tests have not been verified. 
Some early workers reported successful cross-infections 
that now are considered impossible. For example, Hadley 
(1910) said that he gave English sparrow coccidia to chicks. 
It is known today that chicken and sparrow coccidia are not 
only different species, but different genera that cannot in-
fect each other's normal hosts. 
Jowett (1911) was another early investigator that des-
cribed a cross-infection now considered very unli kely, when 
he claimed to have infected rabbits with coccidia from chick-
ens; The explanation for his and Hadley's results is probably 
accidental infection which was not recognized as such. Tyzzer 
(1932) believed that this was the reason for many supposedly 
successful cross-infections. 
Among coccidia besides !· dispersa, which has been men-
tioned already, a few others have been shown quite conclusively 
to have more than one possible host. Isospora species of cats 
and dogs were found to be reciprocally infective by Andrews 
(1927) and others. Culbertson (1941) said that t his genus 
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is not as host-restricted as Eimeria. 
Becker (1933} was the first to report that E. magna will 
infect both the cotton-tail rabbit and the Belgian hare. E. 
miyairii can infect both the brown and black rats (Culbertson 
1941). 
Despite these successful cross-infections, much more 
typical are experiments such as those of Patterson (1933a} 
who failed to infect turkeys, ducks, pheasants, and quail 
with E. tenella oocysts. Most of the more recent papers re-
port cross-infection test results as negative. 
Culbertson (1941} mentioned that coccidian ho~t restric-
tion seemed to depend sometimes on the host's digestive juice , 
since the digestive process in the natural host facilitated 
excystation. Oocysts seemed to pass through the alimentary 
tracts of unreceptive hosts without excysting. Experimental 
merozoite infection could be used to test the possibility of 
digestive juice influencing host restriction. 
Because of their restricted ranges, Boughton (1937c} 
felt that coccidia might be useful in clarifying some of the i r 
avian host relationships. This type of proposal has been men-
tioned with regard to other parasites as well, but has not 
been ultilized extensively. 
Pigeons have been used both. as donors and recipients of 
coccidia in cross-infection experiments. Fantham (1910a, 
1910b) supposedly transmitted coccidia from grouse chicks to 
fowl chicks and young pigeons. In the first paper he told of 
l~ 
a nine-day pigeon that was given grouse coccidia and became 
infected, dying at the age of eleven weeks. Whether coccidi-
osis was considered the cause of death was not said. Fantham 
tried to give rabbit Coccidia to pigeons, but failed. 
Nieschulz (1925) reported that he had previously, in 
1921, tried infecting three young chickens with pigeon oocysts 
and had failed. He repeated the test with twenty incubator-
raised chickens, with the result that two showed light infec-
tions. His conclusion was that the pigeon coccidium could 
l i ve in chickens, but that the latter were not normal hosts. 
I n 1935 Nieschulz tried again with three chickens and faile d . 
He said that his method was more reli able t han the one used 
i n earlier tests. Apparently he doubted his previous posi-
tive results. 
Hegner (1929) caused no infections in chicks fed ooc ysts 
from pigeons. However, it is not clear whether he allowed 
t he oocysts to sporulate before using them. 
Nohmi (1931) said that hen coccidia never infected tur-
keys, pigeons, sparrows, or ducks. 
Yakimov and Ivanova-Gobzem (1931) fed rabbit coccidia 
to pigeons. The results were negative. E. tenella did not 
infect rabbits, pigeons, white rats, and mice, and E. labbeana 
did not infect rabbits, hens, rats, and mice. 
Hofkamp (1932) obtained infections in two out of four 
pigeons with chicken coccidia. 
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Allen (1934), in a key to Eimerian species in birds, 
listed E. labbeana from the pigeon and dove. What justifi-
cation he had for including the second host is not known, 
and which one of the several species of doves he meant was 
not specified. 
Becker in 1934 said that the question of whether chicken 
coccidia would develop in pigeons was still an open one. 
Morini (1950) claimed to have infected two of eight 
chickens with pigeon coccidia. 
B. Attempt to infect chicks with E. labbeana 
Four coccidia-free chicks were given sporulated oocysts 
of E. labbeana. Two of the chicks were two days old, one was 
three days old, and one was four days old. Each dose was 
100,000 oocysts. 
The chicks' feces were checked twice daily for oocysts, 
for twelve days• On the first day after administration of 
oocysts a few sporulated ones were found in the f eces. No 
I 
more were observed on the following days. 
On the twelfth day the chicks were killed and the in-
testines removed and examined by means of smears for COCCidia. 
None were found. 
A control pigeon, fed 100,000 sporulated oocysts from 
the same sample that was given to the chicks, began to lib-
erate large numbers of oocysts seven days later. 
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It is of interest to note that oocysts, having passed 
through the chicks and having been recovered on the first day 
after the birds had been dosed, caused a heavy infection in 
a pigeon to which they were fed. 
It is . not unusual for some oocysts to pass through the 
intestine of a normal host without excysting (Tyzzer 1932). 
I frequently recovered sporulated oocysts from pi geon feces 
the day after the bird received an inoculum. Thus the pres-
ence of the ~· labbeana oocysts in the chicken feces did not 
necessarily prove that none had excysted in the birds. 
C. Attempt to infect young pigeons with E. tenella 
A sample of E. tenella oocysts that had caused an epi-
demic of cecal coccidiosis among chickens in Cape Elizabeth, 
Maine, was obtained from fresh feces. The oocysts were kept 
in 2% potassium dichromate for seventy-two hours at room 
temperature. At the end of that time 92% of the oocysts had 
sporulated. Doses of 40,000 oocysts were given to each of 
two young (thirty-one and thirty-tvm days old) pigeons. 
Their feces \vere checked twice a day for two weeks. No co-
cysts were found after the first day when some sporulated 
ones were observed and none were found in their intestines. 
Unfortunately, no chicks were available at the time of the 
test to serve as controls. 
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X. COCCIDIAN INFECTIONS IN WILD PIGEONS 
A. Morphology of the oocysts 
Six pigeons from various parts of Boston were obtained 
and examined for coccidia. Five were found to be infected. 
Four of these showed light infections, and one had a moderate 
infection. 
The oocysts appeared similar in every way to those al-
ready being used in the laboratory. The average length of 
one hundred oocysts was 19.0 p. The average width was 17.4 p. 
The ranges of size were 16.1-22.5 p X 14.5-19.3 p. The aver-
age shape index was 1.09. Most of the sporulated oocysts 
showed a single refractile granule, and none had more than 
two. No micropyle was visible. Residual bodies appeared in 
the sporocysts but not outside them. 
B. Comparison of infections produced by oocysts of wild 
pigeons with those already established in the laboratory 
Sporulated oocysts from the five available wild birds 
were fed to laboratory-raised pigeons that were coccidia-fr ee . 
All became infected, and their infections appeared similar t o 
those that had been investigated previously. None showed 
severe symptoms, although oocysts were given off in large 
numbers by all five birds. 
Sporulated oocysts recovered from the laboratory birds 
that had been infected with oocysts from wild pigeons were 
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given in large doses to two young susceptible birds. One 
received 200,000 while the other was given 800,000. Neither 
showed severe symptoms or lost any weight. 
These results indicate that the type of coccidian infe c-
tion present in wild pigeons of the Boston area is of the 
same mild nature as that described from the laboratory-rais ed 
pigeons used in the present study. 
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XI. SUMMARY 
A brief review is given of works of historical interest 
concerning the genus Eimeria, with special reference to those 
dealing with E. labbeana. By far the greatest number of pa-
pers on coccidia have described experiments with coccidia of 
poultry. 
It is pointed out that Nieschulz (1935) described an-
other species of coccidium, E. columbarum, in the pigeon, 
but it was not observed in the present study. 
The importance of Eimeria as a parasite of birds and 
mammals is discussed briefly. Particular attention is given 
to papers describing the pigeon coccidium, its distribution, 
and pathogenicity. 
Methods of collecting, culturing, concentrating, and 
counting oocysts are given in detail as is the procedure 
used to infect pigeons artificially. The host, Columba livia , 
is described with regard to breeding, caging, diet of adults, 
and feeding of young. 
The life history of E. labbeana is reviewed. The use 
of oocyst dimensions by authors of previous papers on coc-
cidia as taxonomic criteria is discussed, with emphasis on 
E. labbeana measurements. 
The mean dimensions of eight hundred oocysts collected 
in one hundred oocyst samples from four different birds early 
and late in the course of infection are listed. Mean measure-
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ments of atypically small oocysts from twelve other infec-
tions are given. Ten of these infections showed larger size 
oocysts later in the patent period. The two that did not 
were used to infect other birds, and showed mean size increase 
in the second birds late in the patent period. Small size 
does not seem to be related to severity of infection. Char-
acteristically it appears only early in the patent period. 
When oocysts are of normal size early in the patent period, 
apparently none show larger mean dimensions as the infe ction 
progresses. 
Natural infection of young pigeons is discussed. Coc-
cidia are passed to their offspring by parents during the 
act of feeding. Of twenty-one birds raised by infected par-
ents, all but one became infected. 
The various means by which adult birds may be infected 
and reinfected are described--contaminated food and water, 
ceremonial feeding, arthropod carriers, and merozoite inges-
tion. 
The infective potential of grain contaminated with co-
cysts was tested with five birds. All became infected. When 
water was used, only one of five birds became infected. 
Coccidia-free birds were placed in cages that had con-
tained infected birds and had been cleaned at twenty-four 
and forty-eight hour intervals. It was found that if cages 
are cleaned thoroughly at twenty-four hour intervals, infec-
tion and reinfection could be prevented. Forty-eight hour 
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intervals of time between cleanings did not prevent infection. 
Methods of sectioning and staining portions of the in-
testine are described. The parasite was found in all areas 
below the gizzard, with the exception of the ceca. It was 
rare in the rectum. A few unsporulated oocysts were found 
in the lumen of the crops of two birds, but no parasites were 
in the host cells. None were found in any other parts of the 
alimentary tract above the intestine. 
The prepatent period is defined as the interval of time 
between ingestion of infective material and the first appear-
ance of oocysts in the feces. For E. labbeana it appears to 
be normally six to seven days. 
The patent period is the length of time that oocysts are 
passed in feces. No patent period was found to be longer than 
thirty days, showing that the life cycle is probably self-
limited. The length of patent period tends to be shorter in 
reinfections than in the first infection. 
Symptoms of pigeon coccidiosis are described. Contrary 
to some previous reports none of the infected birds in the 
present study showed severe symptoms, even when given large 
numbers of sporulated oocysts. Only four birds lost a lit-
tle weight, which was regained quickly. Most infected birds 
exhibited a green diarrhea. 
I feel that the symptoms frequently ascribed to E. 
labbeana infection by several author s may actually in some 
cases have been caused by other organisms, since the symptoms 
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were not proved to have been coccidia-produced. Ivly results 
show E. labbeana to be relatively harmless, even when numer-
ous in the intestine. 
Stages of the parasite seen in the intestine are des-
cribed. Most were in the epithelium although a few appeared 
to be just below it. 
Very small doses of sporulated oocysts never produced 
heavy infections. When larger numbers were given, it was 
impossible to correlate size of dose with severity of infec-
tion. An inoculation of 50,000 sporulated oocysts may result 
in as heavy an infection as that produced by 500,000. 
Presence or lack of oocysts in feces was found to be a 
reliable way of determining whether a bird was harboring any 
coccidia. Feces negative for five consecutive days never 
showed more oocysts later on, unless infective material was 
int~oduced from the outside. 
Boughton's (1937) experiment on periodicity of E. 
labbeana oocyst production was verified. Most of the oocyst s 
are liberated between 9 A.M. and 3 P.M. 
A review of previous papers concerned with the effect of 
various agents on oocysts under more or less natural condi-
tions is given. 
The utilization of potassium dichromate as a culture 
medium is described. Oocysts were found to sporulate well 
in it at room temperature, so that it was used as a control 
medium in other sporulation tests. It was found that oocysts 
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were infective after being in potassium dichromate from fort y-
eight hours to four hundred days. 
Oocysts showed greatly reduced sporulation in distilled 
water at room temperature. Some oocysts lived twenty days, 
but none survived thirty days. It is thought that bacterial 
action retards sporulatiOn in water and kills oocysts eventu-
ally. 
Oocysts were found to be much more resistant to salt 
than Bondois reported in 1936. He said that E. labbeana 
oocysts were killed in less than twenty hours in 15% sodium 
chloride solution. I found that oocysts kept three days in 
20% NaCl could still infect. Some were viable after ten days 
in 15% NaCl. 
The resistance of oocysts to two acids and one base was 
tested. Sporulation proceeded well in 2% and 5% hydrochloric 
acid and in 5% acetic acid. Sodium bicarbonate at 2% re-
tarded sporulation, and a 5% solution stopped it all together. 
Samples of oocysts taken after ten days from all these solu-
tions except the last caused infections. Oocysts from 5% 
sodium bicarbonate after ten days were removed to 2% potas-
sium dichromate but did not sporulate and did not cause in-
fection. 
Oocysts segmented well in l% formalin but not at all in 
2% and 5% formalin. Oocysts from the latter two concentra-
tions did not cause infections and did not sporulate when put 
into 2% potassium dichromate, after t hree days in the forma-
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lin. After twenty days in 1% formalin, oocysts could not in-
fect, thus indicating that the medium has limited use as a 
culture solution~ 
Alcohol at 50% and 70% concentrations prevented complete 
sporulation. Although some oocysts began to segment, none 
did so completely, and all died within three days. 
A review of some of the many previous experiments regard-
ing the effect of temperature on oocysts is given. 
I found that oocysts exposed to low temperatures (0° to 
2.5°C. and 3° to 4°C.) did not sporulate in sixty days. Some 
0 0 
oocysts were still alive after sixty days at 3 to 4 C., but 
0 0 0 0 those at 0 t o 2.5 C. were all dead. Oocysts at 0 to 2.5 C. 
did live as long as thirty days. 
Oocysts were tested for sporulation at higher tempera-
tures. Some sporulated at 32°C., a very few at 35°C., and 
none at higher temperatures. Oocysts at 35°C. lived forty-
eight hours but not seventy-two hours. No oocysts survived 
incubation on eggs under the parent birds. 
It appears that temperature alone would prevent sporu-
lation of §. labbeana oocysts in the pigeon, even if other 
factors were not involved. 
The effect of drying on oocysts at room temperature was 
tested. Some oocysts were viable and capable of infecting 
after seventy-two hours, but all were dead after ninety-six 
hours. 
Oocysts were found to sporulate equally well in light, 
darkness, and light and darkness. 
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A Gradwohl Jar was used to find whether oocysts could 
sporulate without oxygen. Some oocysts sporulated, but the 
percentage that did was much less than that of the control 
in air. The longer oocysts remained without oxygen the fewer 
sporulated after return to air. Some oocysts were still alive 
after thirty days without oxygen. 
Literature dealing with in vivo tests and observations 
---
on coccidian excystation is reviewed. 
The alimentary tract of a pigeon was examined for ex-
cysted forms one and one-half hours after the bird had been 
given 100,000 sporulated oocysts. Most of the opened oocysts 
were in the upper intestine, although a few were found in the 
gizzard. 
Previous investigations on in vitro excystation are ci-
. ted, and an experiment in the present study is described. No 
excystation occurred in alkaline 5% trypsin at 37°C. without 
previous fracturing of the oocyst wall. 
Some of the voluminous literature concerning resistance 
and immunity to coccidiosis is reviewed. 
I found that young pigeons tended to have heavier infec -
tions than those over three months old. Pigeons were ob-
served to have developed a slight degree of short-term immun-
ity following infection. It was possible to infect only ten 
of twenty birds that were still giving off a few oocysts at 
the time of inoculation, which was near the end of a heavy 
infection. None of the resulting infections was heavy. 
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Multiple doses of sporulated oocysts given at twenty-
four hour intervals had no effect on the course of infection 
initiated by the first dose. 
Results of some previous cross-infection coccidian ex-
periments are given, with emphasis on those tests that had 
involved pigeons either as donors or recipients of oocysts. 
An attempt was made to infect four chicks with E. 
labbeana. The results were negative. Likewise two young 
pigeons could not be infected with sporulated oocysts of 
E. tenella. 
Oocysts were obtained from five of six wild pigeons ex-
amined and were found to be morphologically similar to those 
being cultured in the laboratory. They produced only mild 
infections in laboratory-raised birds. 
136 
XII. BIBLIOGRAPHY 
Allen, E. A. 1932. The i nfluence of diet on the development 
of experimental coccidiosis in chicks kept under 
sanitary conditions. Am. J. Hyg., 15 (1): 163-185. 
1934. Key to species of Eimeria in birds. Tr. Am. 
Micr. Soc., 53: l-5. 
Andrews, J. M. 1927. Host-parasite specificity in the coc-
cidia of ma~nals. J. Parasitol., 13: 183-194. 
1930. Excystation of coccidial oocysts in vivo. 
Science, 71: 37. -- ----
and H. Tsuchiya. 1931. The distribution of coccidial 
oocysts on a poultry farm in Maryland. Poultry 
Science. 10 (6): 320-326. 
Avery, J. 1. 1942. The effect of moderately lOiv temperatures 
on the sporulation of oocysts of two species of 
swine coccidia. J. Parasitol., 28 (6), Suppl.: 28 . 
Babcock , W. E. and E. M. Dickinson. 1954. Coccidial immun-
ity studies in chickens. 2. The dosage of Eimeri a 
tenella and time required for immunity to develop 
in chickens. Poultry Science, 33 (3): 596-601. 
Bachman, G. W. l930a. Serological studies in experimental 
coccidiosis of rabbits. Am. J. Hyg., 12 (3): 624-
640. 
l930b. I~~unity in experimental coccidiosis of rab-
bits. Am. J. Hyg., 12 (3): 641-649. 
Baker, A. D. 1933. Some studies of the dipterous fauna of 
the poultry yard in Quebec in relation to parasitic 
troubles. Poultry Science, 12 (1): 42-45. 
Basset, J. 1909. La coccidiose intestinale, maladie des 
jeunes animaux. Bull. Soc. Centr. Med. Vet., 63: 
463-481. 
Beach, J. R. and J. C. Corl. 1925. Studies in the control 
of avian coccidiosis. Poultry Science, 4 (3): 
83-93. 
and D. E. Davis. 1925. Coccidiosis of chickens. 
Circular 300, California Agric. Exper. Station, 
pp. l-15. 
Beaudette, F. R. 1925. Intestinal coccidiosis. Poultry 
Science, 4 (3): 94-101. 
137 
Becker, E. R. 1933. Cross-infection experiments with coc-
cidia of rodents and domesticated animals. J. 
Parasitol., 19: 230-234. 
1934. Coccidia and coccidiosis of domesticated, game , 
and laboratory animals and of man. Ames, Iowa: 
Collegiate Press. 
1935. The mechanism of immunity in murine coccidi-
osis. Am. J. Hyg., 21 (2): 389-404. 
1948 . Protozoa (chapter 35) pp. 863-898, in Diseases 
of Poultry, 2d ed., Biester, H. E. and L. H. 
Schwarte, eds., Ames, Iowa: Iowa State College 
Press. 
and H. B. Crouch. 1931. Some effects of temperature 
upon development of oocysts of coccidia. Proc. 
Soc. Exper. Biol. and Med., 28: 529-530. 
-----, R. J. Jassen, W. H. Pattillo, and W. M. van Doorninck . 
1956. A biometrical study of the oocyst of 
Eimeria necatrix, a parasite of the common fowl. 
J. Protozoal., 3: 126-131. 
and P. C. Waters. 1938. The influence of ration on 
mortality from caecal coccidiosis in chicks. Iowa 
State Coll. J. Sc., 12 (3): 405-414. 
-----, W. J. Zimmennann, and W. Pattillo. 1955. A biometri -
cal study of the oocyst of Eimeria brunetti, a 
parasite of the common fowl. J. Protozoal., 2: 
145-150. 
Benbrook, E. A. 1946. List of parasites of domesticated 
animals in North America, rev. ed., p. 22. 
Minneapolis: Burgess Publ. Co. 
Blanchard, R. 1900. Les coccidies et leur rSle pathogene. 
Causeries Scient. Soc. Zool. France, 5: 133-172. 
Bondois, C. M. 1936. Contribution a 1T etude de la coc-
cidiose intestinale du pigeon~voyageur. Trav. 
Lab. Zool. et Parasitol. Fac. Med. Lille, (thesis). 
Boughton, D. C. 1933. Diurnal gametic periodicity in avian 
Isospora. Am. J. Hyg., 18 (1): 161-184. 
1937a. Studies on oocyst production in avian coc-
cidiosis. II. Chronic Isosporan infections in 
the sparrow. Am. J. Hyg., 25 (2): 203-211. 
1937b. Studies on oocyst production in avian 
cidiosis . III. Periodicity in the oocyst 
tion of Eimerian infections in the pigeon. 
Parasitol., 23 (3): 291-293. 
coc-
produc-
J. 
1937c. Notes on avian coccidiosis. Auk, 54: 500-509 . 
1939. Studies on the control of poultry coccidiosis. 
I. The sporulation of oocysts in various types 
of litter. Bull. Univ. Georgia, 39 (8): 9-14. 
----, F. 0. Atchley, and L. C. Eskridge. 1935. Experi-
mental modification of the diurnal oocyst produc-
tion of the sparrow coccidium. J. Exper. Zool., 
70 (1): 55-74-
and J. J. Volk. 1938. Avian hosts of Eimerian coc-
cidia. Bird-Banding, 9: 139-153. 
Brackett, S. 1953. Coccidiosis prevention for egg producers . 
Feedstuffs, 25 (14): 30-35. 
and A. Bliznick. 1952. The relative susceptibility 
of chickens of different ages to coccidiosis caused 
by Eimeria necatrix. Poultry Science, 31 (1): 146-
148. 
Brotherston, J. G. 1948. The effect of relative dryness on 
the oocysts of Eimeria tenella and E~ bovis. Tr. 
Roy. Soc. Trop. Med. and Hyg., 42: I0-11. 
Chakravarty, M. and A. B. Kar. Effect of temperature on the 
sporulation and mortality of coccidian oocysts. 
Proc. Nat. Inst. Sc. India, 12: 1-6. 1946. 
Champion, 1. R. 1954. The inheritance of resistance to 
cecal coccidiosis i n the domestic fowl. Poultry 
Science, 33 (4): 670-681. 
Chang, K. 1937. Effects of temperature on the oocysts of 
various species of Eimeria. Am. J. Hyg., 26 (2): 
337-351. 
Crawley, H. 1912. The protozoan parasites of domestic ani-
mals. Circular 194, U. S. Bureau of Animal Indus-
try, 33 pp. 
139 
Crooks, K. B. 1934. Cross-infection experiments on parasite-
free chicks with intestinal coccidia from the rab-
bit. J. Parasitol., 20 (5): 277-279. 
Crouch, H. B. and E. R. Becker. 1931. A method of staining 
the oocysts of coccidia. Science, 73: 212-213. 
Culbertson, J. T. 1941. Immunity against animal parasites. 
New York: Columbia University Press. 
Davis, L. R., D. C. Boughton, and G. W. Bowman. 1955. 
Biology and pathogenicity of Eimeria a l abamensis 
Christensen, 1941 an intranuclear coccidium of cat-
tle. Am. J. Vet. Research, 16 (59): 274-281. 
Davis, N. C. and W. W. Reich. 1924. Notes on coccidial 
oocysts from domesticated animals in California. 
J. Parasitol., 10 (3): 137-145. 
Delaplane, J. P. and H. 0. Stuart. 1933. The common house 
fly as other than a simple mechanical carrier of 
avian coccidia. Poultry Science, 12 (6): 390-391. 
avian coccidia in soil. 
67-69. 
1935. The survival of 
Poultry Science, 14 (2): 
Dickinson, E. M. 1941. The effects of variable dosages of 
sporulated Eimeria acervulina oocysts on chickens. 
Poultry Science, 20 (5): 413-424. 
1946. A factor in delayed production of Ei meria 
tenella oocysts. Poultry Science, 25 (4): 391-3 92. 
W. E. Babcock, and J. Vl . Osebold. 
immunity studies in chi ckens. 
30 ( 1) : 76-80. 
1951. Coccidial 
I. Poultry Sc ience, 
Dikmans, G. 1945. Check list of internal and external ani-
mal parasites of domestic animals of North America . 
Am . J. Vet. Research , 6 (21): 211-241. 
Doran, D. J. and T. 1 . Jahn. 1952. Preliminary observations 
on Eimeria mohavensis n. sp. from the kangaroo rat 
Dipodomys panam2ntinus mohavensis (Grinnell). Tr. 
Am. Micr. Soc., 71 (2): 93-101. 
Dunlap, J. S., P . A. Hawkins, and R. H. Nelson. 1949. 
Studies of sheep parasites. X. The development 
of naturally-acquired coccidial infections in 
lambs. Ann. N. York Acad. Sc., 52 (4) : 505-511. 
Edgar, S. A. 1954. Effect of temperature on the sporula-
tion of oocysts of the protozoan, Eimeria tenella. 
Tr. Am. Micr. Soc., 73 (3): 237-242. 
1955. Sporulation of oocysts at specific temperatures 
and notes on the prepatent period of several s pe-
cies of avian coccidia. J. Parasitol., 41 (2): 
214-216. 
and C. A. Herrick. 1944. Feeding habits in relation 
to the severit¥ of caecal coccidiosis. Poultry 
Science, 23 (1): 30-35. 
Edgington, B. H. and A. Broerman. 1931. Longevity of avi an 
coccidial oocysts. 49. Ann. Rep. Ohio Agric. 
Exper. Stati on Bull., 470 (1929-30): 186-187 . 
Ellis, C. C. 1936. Avian coccidiosis,studies of the via-
bility of coccidial oocysts (Eimeria tenella). 
Thesis (Ph. D., Cornell): 70 pp. 
1938. Part I. Studies on the viability of the 
oocysts of Eimeria tenella, with particular ref-
erence to conditions of incubation. Cornell Vet., 
28: 267-274. 
Fantham, H. B. 1910a. Experimental studies on avian coc-
cidiosis especially in relation to young grouse, 
fowls, and pigeons. Proc. Zool. Soc. London, 2 : 
708-722. 
1910b. The morphology 
(Coccidium) avium: 
disease among young 
London, 3: 672-691. 
and life-history of Eimeria 
a Sporozoon causi ng a fatal 
grouse. Proc. Zool. Soc. 
Farner, D. S . 1942. The hydrogen ion concentrat ion in avian 
digestive tracts. Poultry Science, 21: 445. 
Farr, M. M. 1943. Resistance of chickens to caecal coccidi-
osis. Poultry Science, 22 (4): 277-286. 
and G. W. Luttermoser. 1941. Comparative efficiency 
of zinc sulfate and sugar solutions for the simul-
taneous flotation of coccidial oocysts and helminth 
eggs. J. Parasitol., 27 (5): 417-424. 
and E. E. Wehr. 1949. Survival of Eimeria acervulina 
E. tenella, and E~ maxima oocyst s on soil under 
various field conditions. Ann. N. York Acad. Sc., 
68: 468-4 71. 
141 
Faust, E. C., W. Sawitz, J. Tobie, V. Odom, C. Perez, and 
D. R. Lincicome. 1939. Comparative efficiency 
of various technics for the diagnosis of protozoa 
and helminths in feces. J. Parasitol., 25 (3): 
241-262. 
Fish, F. F. 193la. Quantitative and statistical analyses 
of infections with Eimeria tenella in t he chicken . 
Am . J. Hyg., 14 (3): 560-576. 
193lb. The effect of physical and chemical a gents 
on t he oocysts of Eimeria tenella. Science, 73: 
292-293. 
Gardiner, J. 1. 1955. The severity of cecal coccidiosis 
infection in chickens as related to the age of t h e 
host and the number of oocysts ingested . Poultry 
Science, 34 (2): 415-420. 
Gill, B. S. 1954. Speciation and viabilit y of poultry coc-
cidia in 120 faecal samples preserved in 2.5 per 
cent potassium dichromate solution. Indian J. 
Vet. Sc. and Animal Husb., 24 (4): 245-247. 
1955. Observations on t he relationshi p of t hyroidal 
activity of chicks and caeca l coccidiosis (Ei meria 
tenella). Indian J. Vet. Sc. and Animal Husb., 
25 (2): 75-87. 
Goodrich, H. P. 1944. Coccidian oocysts. Parasitology, 
36: 72-79. 
Gordeuk, S., G. 0. Bressler, and P. J. Glantz. 1950. Effect 
of age of bird and degree of exposure in the de-
velopment of immunity in caecal coccidiosis of 
chicks. Poultry Science, 29 (5): 750. 
Hadley, P. B. 1909. Studies in avian coccidiosis. I. 
1:Vn ite diarrhea of chicks. II. Roup of fowls. 
Centralbl. Bakteriol. , 1. Abt·. , Orig. , 50 ( 3) : 
348-353. 
1910. Studies in avian coccidiosis. III. Coccidi-
osis in the English sparrow and other wild birds. 
Centralbl. Bakteriol., 1 . Abt. Orig., 56 (5-6): 
522-523. 
1911. Eimeria avium: a morpholog i cal study. Arch. 
Protistenk., 23 : 7-50. 
142 
Hake, T. G. 1839. A treatise on varicose capillaries as 
constituting t he structure of carcinoma of the 
hepatic ducts, and developing t he law and treat-
ment of morbid g rowths; with an account of a new 
form of t he pus g lobule. London: 20 pp ., cited 
by Hadley (1911). 
Hall, P. R. 1933. Notes on t h e sporulation time, prepatent 
period, patent period, and size of oocysts, in in-
fections of Isos~ora lacazei Labbe. Proc. Iowa 
Acad. Sc., 40: 2 l-225. 
Hall, W. J. and E. E. Wehr. 1953. Diseases and parasites 
of poultry. Farmers' Bull. 1652, U. S. Dept. 
Agric.: 47-53. 
Hardcastle, A. B. 1943. A check list and host-index of t he 
protozoan genus Eimeria. Proc. Helminth Soc. 
\vashington, 10 ( 2) : 3 5-'69. 
Hare, T. 1937. Some observations on diseases of pi geons. 
The Racing Pigeon, 65: 271, 290, 306. 
Haughwaut, F. G. 1918 . Infections with Coccidium and 
Isospora in animals in t h e Philippine Islands and 
t heir possible clinical significance. Philippi ne 
J. Sc. , 13 ( 2) : 79- 93. 
Hawki ns, P. A. 1949. 
t h e turkey. 
Ei meria meleagrimitis Tyzzer, 1929 in 
J. Parasitol., 35 (6), Sect. 2 : 21. 
1952. Coccidiosis i n turkeys. Tech. Bull. 226 , 
Michigan gric. Exper. Station: l-87. 
Hegner, R. W. 1929 . The infection of parasite-free chi ck s 
with intestinal proto zoa from birds and other ani-
mals. Am . J. Hyg ., 10 (1): 33-62. 
Henry , D. P. 1932 . The oocyst wall in the genus Ei meria. 
Univ. Calif. Publications Zool., 37 (10): 269- 278 . 
Herrick, C. A. 1934 . The development of resistance to t he 
proto zoan parasite 1 Eimeria tenella, by t he chicken . J. Parasito l ., 20 ~6): 329-330. 
1935. Resistance of t he oocysts of Ei meria tenella 
to incubator conditions. Poultry Sc1ence, 14 (4): 
246. 
and S . A. Edgar. 1942 . Studies on susceptibility of 
chickens t o cecal coccidiosis. J . Parasitol., 28 
(6 ), Dec. Suppl .: 23. 
143 
and G. L. Ott. l936a. Age as a factor in the de-
velopment of resistance of t h e chicken to t he 
effects of the protozoan parasite, Eimeria tene l la . 
J . Parasitol., 22 (3): 264-272. 
1936b. The chicken as a carrier of 
t he oocysts of t h e coccidia, Eimeria t enella. 
Poultry Science, 15 (4): 322-325. 
Hofkamp , H. S. 1932. Een vergelijkende Studie van het 
kippen en duivencoccidium. Inaug. Dissert. V. H. , 
Utrecht , cited by Bondois (1936). 
Holmes, C. E., C. A. Herrick, and G. 1. Ott. 1937. Studies 
in coccidiosis in chickens. Calcium carbonate 
additions and coccidia. Poultry Science , 16 (5): 
335-339. 
Horton-Smith , C. 1949 . Some factors influencing t he origin 
and cause of epidemics of coccidiosis in poultry . 
Anna . N. York Acad. Sc., 52 (4): 449-457. 
Jankiewicz, H. A. 1942. Symptoms and immunity f ollmving 
graduated doses of Eimeria tenella. J. Parasitol., 
28 (6), De c. Suppl.: 23. 
1945. Dosage of Eimeria stiedae related to severi t y 
of liver coccidiosis. ~Parasitol., 31 (6 ), Dec. 
Suppl.: 8 . 
and R. H. Scofield. 1934. The administration of 
heated ooc ysts of Ei meria tenella as a means of 
establishing resistance and immunit y to cecal coc-
cidiosis. J. Am. Vet. Med. Ass., 84: 507-526. 
Johnson, W. T. 1923a. Avian coccidiosis. 
4 (12): 631-641. 
North Am . Vet. , 
1923b. Eimeria avium and the diagnosis of avian coc-
codiosis. Poultry Science, 3 (2): 41-57. 
1927. Immunity or resistance of the chicken to coc-
cidial infection. Station Bull. 230, Oregon 
Agric. Exper. Station: 1-31. 
1932. Immunity to coccidiosis in chickens produced 
by inoculation through ration. J. Parasitol., 19 
( 2) : 160-161. 
Jones , E. E. 1932 . Size as a species characteristic in coc-
cidia. Variations under diverse conditions of in-
festation. Arch . Protistenk., 76 (1): 130-170. 
1934. The effect of diet on the course of experi-
mental coccidiosis infection in the chicken. J. 
Am. Vet. Med. Ass., 85: 193-206. 
Jowett, W. 1911. Coccidiosis of the fowl and calf. J. 
Comp. Path . and Therap., 24 (3 ): 207-225. 
Koutz, F. R. 1953. The effect of built-up litter on the 
parasite ova and oocysts of poultry. Poultry 
Science, 32 (2): 313-320. 
Krijgsman , B. J. 1926. Wie werden i m Intestinaltractus des 
Wirtstieres die Sporozoiten der Coccidien aus 
ihren Hullen befreit? Arch. Protistenk., 56 (1) : 
116-128. 
Labb~, A. 1893. Surles coccidies des oiseaux. Compt. 
Rend. Acad. Sc., Paris, 116 (23): 1300-1303; 117 
(12): 407-409. 
1896. Recherches zoologiques, cytologi ques, et 
biologiques sur les coccidies. Arch. Zool. Exp~r . 
et Gen., 3: 517-654. 
Landers, E. J. 1953. The effect of low temperatures upon 
the viability of unsporulated oocysts of ovine 
coccidia. J. Parasitol., 39 (5): 547-552. 
Lavier, G. and C. Bondois. 1937. La coccidiose du pi geon-
voyageur dans le nord de la France. 2. Internat. 
Gong. Microbiol., London, Rep. Proc.: 345-347. 
Leblois, C. P. 1921. Sur la coccidiose du pigeon. Re c. 
Med . vet., 97 (15): 450-453. 
Levi, W. M. 1927; Coccidiosis. Am. Pigeon J., 15: 220-221 . 
1951. The pi geon . 2d ed. Columbia, S. C.: R. L. 
Bryan Co. 
Levine, 1. and C. A. Herrick. 1954. The effect of the 
protozoan parasite Eimeria tenella on t he ability 
of the chicken to do muscular work when its muscles 
are stimulated directly and indirectly. J. 
Parasitol., 40 (5): 525-534. 
Levine, N. D. 1953. A review of t he coccidia from t he avian 
orders Galliformes, Anseriformes , and Charadrii forme s, 
with descriptions of three new s pecies. Am. lVlidland 
Naturalist, 49 (3): 696-719. 
145 
Levine, P. P. 1940. The initiation of avian coccidial in-
fection with merozoites. J. Parasitol., 26 (5): 
337-343. 
1942a. Excystation of coccidial oocysts of the 
chicken. J. Parasitol., 28 (5): 426-428. 
1942b. A new coccidium pathogenic for chickens, 
Eimeria brunetti n. s p . (Protozoa: Eimeriidae). 
Cornell Vet., 32 (L"): 430-439. 
1942c. The periodicity of oocyst discharge in coc-
cidial infection of chickens. J. Parasitol., 28 
(4): 346-348. 
1945. Specific diagnosis and chemotherapy of avian 
coccidiosis. J. Am. Vet. Med. Ass., 106 (815): 
88-90. 
Lund, E. E. 1954. Estimating relative pollution of t he 
environment with oocysts of Eimeria stiedae. J. 
Parasitol., 40 (6): 663-667. 
Mayhew, R. 1. 1934. Studies on coc cidiosis. VIII. Immun-
ity or resistance to infection in chickens. J. 
Am. Vet . Med. Ass., 85: 729-734. 
Metelkin, A. 1935. The role of flies in the spread of coc -
cidiosis in animals and men. Trop. Dis. Bull., 
3 2: 660. 
Metzner, R. 1903 . Untersuchungen an Coccidium cuniculi. 
Arch. Protistenk., 2 (1): 13-72. 
Meyer, E. 1922. Ein Beitrag zur Verbreitung und Bedeutung 
der Geflugelkokzidiose. Deutsche Tierarztl. 
Wchnschr., 30 (15): 193-195. 
Monne, 1. and Honig , G. 1955. On t he properties of the 
shells of coccidian oocysts. Ark. Zool., 
Stockholm, 7 (3): 251- 256. 
Morehouse, N. F. 193 8 . The reaction of the immune intest i-
nal epithelium of the rat to reinfection with 
Eimeria nieschulzi. J. Parasitol., 24 (4 ): 311-
317. 
Morgan, B. B. and P. A. Hawkins. 
zoology. Minneapolis: 
1948 . Veterinary Proto-
Burgess. 
146 
Morini, E. G. 1950. La coccidiosis de la paloma. Rev. 
Med. Vet., Buenos Aires, 32 : 207-228. 
Morse, G. B. 1908. \v.h ite diarrhea of chicks. With notes 
on coccidiosis in birds. Circular 128, Bureau 
Animal Indust., U. S. Dept. Agric., 7 pp., cited 
by Nieschulz (1922). 
Moynihan, I. W. 1950. The role of the protozoan parasite, 
Eimeria acervulina, in disease of the domestic 
chicken. Canad. J. Comp. Med., 14 (3): 74-82. 
Nieschulz, 0. C. 1922. Beitrage zur Kenntnis der Gattung 
Eimeria. I. Ueber das Taubencoccid. Arch. 
Protistenk., 44 (1): 71-82. 
1925. Ueber die Entwicklung des Taubencoccids Eimeri a 
Tf)ifferi (Labbe 1896). Arch. Protistenk., 51 
479-494. 
1935. Ueber Kokzidien der Haustauben. Zentralb. 
Bakteriol. 1. Abt., Orig., 134 (5-6): 390-393. 
Nohmi, S . 1931. Experimental studies on Eimeria avium 
(Japanese text with English summary). J. Japan. 
Soc. Vet. Sc., 10 (3): 281-299. 
Noller, W. and H. Ruppert. 1925. Zur Kenntnis der 
Verbreitung des Taubenkokzids Eimeria pfeifferi. 
Berl. Tierarztl. Wchnschr., 41 (17): 257-258. 
Patterson, F. D. 1933a. Cross infection experiments with 
coccidia of birds. Cornell Vet., 23 (3): 249-253. 
l933b. Studies on the viability of Eimeria tenella 
in soil. Cornell Vet., 23 (3 ): 232-249. 
Perard, C. 1924. Recherches sur la destruction des oocysts 
de coccidies. Compt. Rend. Acad . Sc ., Pari s , 179 
(24): 1436-143 8 . 
1925. Recherches sur les coccidies et les coccidi-
oses du lapin. Ann. Inst. Pasteur, Paris, 39 (6): 
505-542. 
1933. Sur le role des especes non sensibles dans l a 
propagation des coccidioses. Bull . Acad . Vet. 
France, 6 (5): 206-208. 
Pfeiffer, L. 
2. 
1891. Die Protozoan als Krankheitserreger. 
Aufl. 216 pp. Jena. 
147 
Pfeiffer, R. 1892. Beitr~ge zur Protozoen-Forschung . 1. 
Heft: Die Coccidien-Krankheit der Kaninchen. 
24 pp. Berlin. 
Pinto, C. F. 1928. Synonymie de quelques esp~ces du genr e 
Eimeria (Eimeridia, Sporozoa). Compt. Rend. Soc. 
Biol., Paris, 98 (17): 1564-1565. 
Pratt, I. 1937. Excyst ation of the coccidia, Eimeria 
tenella. J. Parasitol., 23 (4): 426-427. 
Rivolta, S. 1878. Della gregarinosi die polli e dell 
ordinamento delle gregarine e dei psoro spe r mi 
degli animali domestici. Gior. Anat., Fisiol. e 
Patol. Animali, 10 (4): 220-235. 
and A. Silvestrini, 1873. Psorospermose epizootica 
nei gallinacei. Gior. Anat., Fisiol. e Patol. 
Animali, 5: 42-53. 
Rosenberg, M. M. 1941. A study of the inheritance of re-
sistance to Eimeria tenella in t he domestic fowl. 
Poultry Science, 20 (5): 472. 
-----, J. E. Alicata, and A. 1. Palafox. 1954. Further 
evidence of hereditary resistance and suscepti-
bility to cecal coccidiosis in chickens. Poultry 
Science, 33 (5): 972-980. 
Roudabush, R. 1~ 1935. 
J. Parasitol., 
Merozoite infection in coccidiosis. 
21 (6): 453-454. 
Ruppert, H. 1925. Zur Kenntnis der Verbreitung des 
Taubenkokzids Eimeria pfeifferi. Inaug. Diss., 
Berlin, 31 pp. 
de Saint :Moulin, 1. 1928. Note sur 1' ~tiologie du coryza 
chronique du pigeon. Ann. Med. V~t., 73 (3): 108-
124. 
Schaudinn, F. 1900. Untersuchungen uber den Generations-
wechsel bei coccidien. Zool. Jahrb., Jena, Abt. 
Anat., 13 (2): 197-292. 
Schneider, A. C. 1875. Note sur la psorospermie oviforme 
du poulpe. Arch. Zool. Exp~r. et Gen., 4 (3): 
xl - xlv. 
Smetana, H. 1933. Coccidiosis of the liver of rabbits. I. 
Experimental study on the excystation of oocysts 
of Eimeria stiedae. Arch. Path., 15 (2): 175-192. 
Smi th , B. F. and C. A. Herrick . 1944. The respiration of 
the protozoan parasite, Ei meria tenella . J. Parasi -
tol., 30 (5): 295-302. 
Stafseth, H. J. 1931. Studies in the pathology of avian 
coccidiosis. J. Am . Vet. IVIed. Ass., 78 : 793-816. 
Steward, J. S. 1947. Host-parasite specificity in coccidia : 
infection of the ch icke n with the turkey coccidium, 
Ei meria meleagridis. Parasitology, 38 (3 ): 157-
159. 
Stiles, C. '\rJ . 1928. Opinion 104: International commission 
on zoological nomenclature. Nature, London, 122; 
881. 
Sturki e, P. D. 1954 . Avian phys iology , pp . 177-181. 
Ithaca, N. Y.: Comstock . 
Tyzzer, E. E. 1927. Species and strains of coccidia in 
poultry. J. Parasitol., 13 (3): 215. 
1928. Methods for isolating and different iating spe-
cies of Eimeria occurring in gallinaceous birds. 
J. Parasitol., 15 (2): 148-149. 
1929. Coccidiosis in gallinaceous birds. Am . J . Hyg ., 
10 ( 2): 269-383. 
1932. Criteria and methods in the investigat ion of 
avian coccidiosis. Sci ence, 75: 324-3 28 . 
H. Theiler, and E. E. Jones. 
gallinaceous birds. II. 
species of Eimeria of the 
15 (2): 319-393. 
1932. Coccidiosis in 
A comparative study of 
chicken. Am . J. Hyg ., 
Uhlhorn, E. A. 1926. Uebertragungsversuche von Kaninchen-
coccidien auf Huhnerkucken. Arch. Protistenk., 
55 (1): 101-167. 
Uricchio, ~f . A. 1953. The feeding of artificially altered 
oocysts of Eimeria tenella as a means of establish-
ing immunity to cecal coccidiosis in chickens. 
Proc. Helminth. Soc. Washington, 20 (2): 77-83. 
Verge, J. L. 1931. Les coccidioses aviaires. Rec. Med. 
vet., 107 (2):. 65-77. 
Warner, D. E. 1933. Survival of coccidia of the chicken in 
soil and on the surface of eggs. Poultry Science, 
12 (6): 343-348. 
149 
Wickware, A. B. 1947. Studies on resistance to Eimeria 
tene1la infection. Canad. J. Comp. Med., 11 (5): 
125-130. 
Yakimov, V. L. and P. S. Ivanova-Gobzem. 1931. Zur Frage 
der Infektion der tiere mit heterogenen Kokzidien . 
Zentralb. Bakterio1. , 1. Abt., Orig., 122 (4-5): 
319-328. 
Young, B. P. 1929. A quantitative study of poultry coccidi -
osis. J. Parasito1., 15 (4): 241-250. 
150 
ABSTRACT 
This study was undertaken with the purpose of describ-
ing some aspects of the biology of Eimeria labbeana, a rela-
tively little-studied but widespread parasite of pigeons, 
with special emphasis on the resistance of the oocyst to vari-
ous chemical and physical agents. 
Measurements of oocysts collected early and late i n the 
patent period remained relatively constant during the course 
of infection in most cases. When small oocysts appeared early 
in the infection, the mean dimensions of those measured later 
in the patent period of the same infection were larger. 
Fiv& pigeons exposed for 24 hours to grain from cages 
of infected birds became infected. When water transmission 
was tested, only 1 of 5 birds was infected. 
It was found that cleaning cages at 24 hour intervals 
effectively prevented reinfection. Cleaning at 48 hour in-
tervals did not. 
E. labbeana was found in all areas of the lower diges-
tive tract of the pigeon, from just below the gizzard to the 
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rectum. None were seen in the ceca. 
The prepatent period was normally 6 to 7 days. Although 
the patent period varied considerably, it never exceeded 30 
days. 
Severe symptoms of coccidiosis were not observed, even 
when large numbers of sporulated oocysts were administered . 
Greenish diarrhea most frequently gave indication of heavy 
infection. 
All stages of the parasite were found in the intestinal 
epithelium, and a few coccidia appeared to have penetrated 
somewhat more deeply. 
Periodicity of oocyst production was verified. Most 
oocysts were given off in feces between 9 A.M. and 3 P.M. 
Oocysts were found to sporulate rapidly in 2% potassium 
dichromate and were capable of infecting pigeons after per-
iods of from 4$ hours up to 400 days. 
Sporulation in distilled .water was greatly reduced, 
and oocysts were no longer viable after 30 d~ys. 
Oocysts could still infect pigeons after 3 days in 20% 
sodium chloride solution and after 10 days in 15% sodium 
chloride solution. 
Sporulation proceeded well in 2% and 5% hydrochloric 
acid and in 5% acetic acid. A 2% solution of sodium bicar-
bonate hindered sporulation, and a 5% solution prevented it 
entirely. 
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Oocysts sporulated well in 1% formalin but not at all 
in 2% and 5% formalin solutions. 
Ethyl alcohol in concentrations of 50% and 70% prevented 
sporulation and killed oocysts within 3 days. 
Oocysts were resistant to temperatures of from 0° to 
2.5°0. and 3° to 4°0. but did not sporulate. Those at the 
latter temperature range were still viable after 60 days, 
while oocysts at the former range were not. Very little 
sporulation occurred at 35°0. and none at 37°0. or higher. 
All oocysts were killed within 96 hours by drying at 
room temperature. 
Sporulation was found to occur equally well in light 
and darkness. 
Anaerobic conditions reduced percentage of sporulation, 
although some oocysts were still viable after 30 days with-
out oxygen. 
Excystation in vivo was found to occur principally in 
the upper intestine of the pigeon, although a few opened 
oocysts were seen in the gizzard as well. No excyst at i on 
was observed in vitro in trypsin. 
There was s orne evidence of age resistance to E. labbeana . 
A slight short-term immunity following infection was observed 
in some cases. Multiple doses of sporulated oocysts at 24 
hour intervals did not influence the course of infection 
initiated by the first dose. 
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Attempts to infect 4 chicks with §. labbeana were unsuc-
cessful and 2 pigeons could not be infected with E. tenella 
of chickens. 
Coccidia from 5 wild pigeons were found to be morpho-
logically identical with those used throughout the investi-
gation and produced infections similar to the ones being 
studied. 
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